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ABSTRACT 


The purpose of this study was to examine the relationship between 
certain pupil characteristics and mathematics learning in three distinct 
settings. The characteristics studied included intellectual ability, 
Seeing ability, reflectiveness, impulsiveness, socio-economic status, 
ability to make personal adjustment, ability to make social adjustment 
and sex. 

Fifty-one subjects were assigned to a self-directed setting. 

They worked in groups of four and received no formal instruction from a 
teacher. A group of fifty-three subjects was placed in a partially 
teacher-—directed setting. The pupils in this treatment were formally 
introduced to the mathematical topics and then they worked in alee 

just as the self-directed subjects. The third group consisted of thirty- 
seven pupils. Their work was teacher-directed and they completed tasks 
on an individual basis completely under the control of the teacher. 

Mathematics materials for pupils and teachers were prepared in 
advance and for the duration of the study, which lasted four weeks; these 
materials formed the basis of the mathematics program. 

After the completion of the study an Initial Learning Test was 
administered to all of the subjects. The same test was again given four 
weeks later to obtain a measure of retention. 

Intercorrelations between the variables and the criteria were 
calculated and the most important findings are as follows: 

(1) For the subjects in the self-directed setting none of the 
pupil Piaraorer ss tittes considered could be used to predict the learning 


outcomes as measured on the Initial Learning and Retention Test. There 
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iv 
existed no differences in means on these two tests between boys and 
girls and between subjects who were classified as reflective or 
impulsive. 

(2) For the subjects in the partially teacher-directed setting 
there existed significant relationships between the criterion variables 
initial learning and retention, and the following factors: intelligence, 
personal adjustment, social adjustment and reading ability. Of these 
factors, only intelligence showed a significant relationship with the 
pretest scores. The mean for the reflective subjects on the Retention 
Test was significantly higher than the mean for the impulsive subjects. 
fie ticans fom miesboysrand,ciris did not. differ, 

(3) The learning outcomes for the teacher-directed subjects 
could be predicted on the basis of intellectual ability only. There 
existed no differences in means on the two criteria between boys and 
girls and between subjects who were classified as reflective or impulsive. 

The report of the study is concluded with implications for 


educational practice and suggestions for further research. 
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CHAPTER I 
THE PROBLEM, ITS NATURE AND SIGNIFICANCE 
I. INTRODUCTION 


Major changes in the content and approach of elementary school 
mathematics have occurred during recent years. The content is being 
modified, restructured and reorganized and as a result elementary school. 
pupils of today are introduced to concepts that were previously presented 
to older students in higher grades. Less emphasis is placed on 
mechanicaily-learned arithmetic and children are presented a range of 
important concepts of mathematics that can be applied in a wide variety 
of situations. 

It has been frequently stated that new or revised content alone 
will not guarantee successful learning. The content of contemporary 
mathematics programs might differ with respect to order or sequence. 
Never uneieees these programs have one common factor. A strong emphasis 
is placed on the methed of presentation and the learning process. 

Such labels as experience or activity approach, individualized 
instruction, independent or directed discovery and mathematics laboratories 
are used to describe a variety of approaches to instruction in mathematics. 
No matter which label is used, there exists one common characteristic for 
all of them and that is the active involvement of the learner. Students 
are provided with various mathematical activities such as games, puzzles, 
problems, or experiments that help them discover for themselves 
mathematical principles, relationships or processes through active 


participaticn. 
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The major difference between a 'traditional' program and a 
setting which includes some active learning situations is the shift from 
an authoritarian, teacher-dominated classroom to one which is more child- 
centered, The first program tends to emphasize content; the latter uses 
experiences of children to build concepts and strategies. An attempt is 
made to increase pupil involvement. At the same time the classroom 
teacher has te adapt himself to a new role. 

In the content-criented setting the teacher was the central 
figure in the classroom and his main concern was to explain examples, 
assign and check practice itens and to cover the material assigned to a 
specific grade level. In his new role the teacher selects and prepares 
activities and instead of 'teaching' or lecturing a whole class, he 
provides the focus of discussion for the individual or a small group. 

As a result of these changes there also exists a new role for the 
elementary school pupil in the mathematics classroom. He is given an 
opportunity to make more of his own investigations and draw his own 
inferences. He is guided by the teacher, and given a chance to discover 
as much as possible on his own. His work is becoming more self-directed. 

In this study an attempt was made to measure the effectiveness 
of a self-directed, a partially teacher-directed and a teacher-directed 
treatment for different learners. Some characteristics of pupils which 
might be favorable or unfavorable for the approaches to the teaching of 
mathematics listed above were examined, and the learning outcomes were 


explored. 


qe oft 3.14 O0%) ‘satin botoerd? 48! ; 
is 


ro a 
east alate oi €f aratininite aiitirvesst i? ; 


pty 
is ae 
og al - ot 


mies aun 8° (Ole MIs ms seoveealy: 7 ae 


gieu Tarte! silt Ina oGon. v's srelQyg ssa. orig 

ati yeseetw ah \@etestersa tes anG2¢ feos b ital re ee 
& 

UVR? L ‘a | jail slajiz yA a ear cb iat ore 


_weuerh ean, 2 oF stake ust ne 


» 


yeail onl 33se rc pki : 
<earqai 4ka: @ dw aveniag Ofhar, eri if Whe el 
GA os Le if wr ive 1 2 bent eC Ds '- Wer fer 


» ce be : minasé: At?’ Sled war We viavad 
wl, is O10n & S828 ip oN it i! penile 
[ieue’s 19,4 Gi>iviGRe |: ic sist tobg Grad te wait Ml 

. iTo1 wor R atatne cals wash Se vats "iy 
revia al sil. -moaiheale byF invents ah AY: reve 

Va) Sts Vea Bhs si alley inva ® “fe Avoid 


1svtge Eh OF) sepia A ns.8 = a4 oe) sca ts 


, tedpastt- 71st s198 galiza ee Fil og pipe 26 
atemavisootls rs dell oF bfiry fre 1 quedite vert shone 4 = 


O97S0o)b-1nthseed = pie ss Woody Beatenagsd Haris e' we et 
iotdy alroug jo 9tabyay se tato, dme® einai ai “ covert 
lo yilidawis otf <9 eoity sce wits ‘hii es at ad 9 : 
: * 7 

ina sembedys |: gottees! oirt hie 108 yet, ie 


II. STATEMENT OF THE PROBLEM 


The major purposes of this study were: 

(1) to isolate some pupil characteristics which might facilitate 
learning of mathematics and to examine the role of these characteristics 
in a self-directed, a partially teacher-directed, and a teacher-directed 
setting. 

(2) to evaluate the learning outcomes of a self-directed mathematics 
program. 

(3) to evaluate the learning outcomes in a setting that is partially 
teacher-directed. 

(4) to evaluate the learning outcomes in a purely teacher-cirected 
setting. 

With respect to these purposes some mathematical topics were 
selected on the basis of suitability and probable unfamiliarity to the 
subjects. These topics were presented to three groups of subjects. 

Self-Directed (SD): The subject in this group worked in groups 
of three or four without any direct instruction from the teacher. The 
teacher's main task consisted of providing the focus of discussion 
for the groups and answering questions initiated by the pupils. 

Partially Teacher-Directed Group (PTD): For this group the 
teacher provided an introducticn for each topic. For the remainder of 
the time the subjects worked in smail groups just as the SD-subjects. 

Teacher-Directed Group (TD): The setting for these subjects was 
somewhat more ‘traditional’. The topics were the same as for the SD- 
and the PTD-groups. The teacher introduced the topics and worked out 
examples. He assigned tasks which were completed and checked on an 


individual basis. 
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A number of characteristics of the students may affect the 
ability to learn mathematics. For the first purpose of the study the 
following characteristics were considered: intellectual ability, reading 
achievement, conceptual tempo (impulsiveness~-reflectiveness), socioc-: 
economic status, sex, personal adjustment (self-reliance, sense cf personal 
worth, sense of personal freedom, feeling of belonging, freedom from 
withdrawing tendencies, freedom from nervous symptoms), and social 
adjustment (social standards, social skills, freedom from anti-social 
tendencies, family relations, school relations, ccmmunity relaticns). 

Basically, this study was attempted in an effort to answer the 
following question: Are some of the pupil characteristics listed above 
related to mathematics learning in a 'self-directed' setting? In other 
words, can some of the characteristics included in this study be used 
to predict success for mathematics learning in such a setting? Of what 
importance are these variables in settings that are partially teacher- 


directed or teacher-directed? 


III. THE NULL EYPOTHESES 


The purposes stated and the questions raised gave rise to the 


following rull-hypotheses: 


1. For: subjects in the SD-group there.exist no significant 
correlations between the initial learning test scores or retention test 
scores and the following variables: 

a. intellectual ability 
b. reading ability 


Cc. socio--economic status 
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d. ability to make personal adjustment 
e, ability to make social adjustment. 

2. For the subjects in the SD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
mes ato are grouped as being: 

a. *rerlectiveor impulsive 
b. male or female 

3. For the subjects in the PTD-group there exist no significant 
correlations between the initial learning test scores or retention test 
scores and the following variables: 

a. intellectual ability 

b. reading ability 

c. socio-economic status 

d. ability to make personal adjustment 
e. ability to make social adjustment 

4. For the subjects in the PTD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
pupils who are grouped. as being: 

a. reflective or impulsive 
b. male or female 

5. For the subjects in the TD-group there exist no significant 
correlations between the initial leerning test or retention test scores 
and the following variables: 

a. intellectual ability 

b. reading ability 

c. socic-eccnomic status 

d. ability to make personal adjustment 


e. ability to make social adjustment 
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6. For the subjects in the TD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
pupils who are grouped as being: 

a. reflective or impulsive 
‘b. male cr female 


These hypotheses were tested at the .01 level of significance. 


IV. DEFINITICN OF TERMS 


For the purpose of this study terms were defined as follows: 
Beet -Digecred (ol) 3 Instructions, explanations, and activities were 
presented to small groups in the form of written material without direct 
or formai teaching. 

Teacher-Directed (ID): The topics were formally introduced to the class 
by the teacher, examples were presented and individual seatwork was 
assigned, 

Partially Teacher-Dirécted (PTD): An introducticn relevant to the 
activities was presented by the teacher and then the activities were 
completed in smali groups. 

Initial Learning: Based on the results of the constructed three-part 
test administered upon completion of the study. (Appendix A) 

Retention: Based on the results of the voneemnicted three-part test 
administered four weeks after the study. (Appendix A) 

Recogriticn: Recall of material in the form in which it was presented. 
Algorithmic Thinking: Generalization or transfer from learned material 
to material that is similar to it. 


Cpen Search: Problem solving that is not confined te operations and the 
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solutions of problems for which a straightforward procedure has been 
learned. 

Intellectual Ability: Based on the scores of the California Short-Form 
Test of Mental Maturity. 

Conceptual Tempo: Impulsiveness-Reflectiveness, based on the resuits 
of six questions from the Matching Familiar Figures Test. 

Personal - Adjustment; Based on the scores of Part 1 of the California 
Test of Personality which includes measures of such components as: self- 
reliance, sense of personal worth, sense of personal freedom, feeling of 
belonging, freedom from withdrawing tendencies and nervous symptoms. 
(Appendix B) 

social - Adjustment: Based on the scores of Part 2 of the California 
Test of Fersonality which includes measures of such components as: 
Social standards, social skills, freedom from anti-social tendencies, 
and family, school and community relations. (Appendix B) 

Total Lenina Based on the total score (Parts 1 and 2) of the 
Califcrnia Test of Personality. 

Socio-Economic Status: Based on a score that was obtained by matching 
the father's occupation with a scale designed by Blishen (1968). 
Reading Ability: Based on the scores of Part 2, the Paragraph Meaning 
Test, of the Stanford Achievement Test. 

Open-Aréa School: An elementary school which contains an area designed 
to accomcdate several groups of students representing various grace 
levels. Besides providing space for pupils to meet as a class group, 
the area usually includes an instructional material center or library 


and seme spaces designed for individual study. 
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V. SIGNIFICANCE OF THE STUDY 


The changes that are suggested for elementary education, and 
specifically for the mathematics classroom, will put the pupil into a 
setting that requires a new role. Learning is becoming a more active 
process and to a great extent more self-directed. 

The results of some studies and observations reported by educators 
and researchers show that there may exist many advantages that can be 
‘attributed to such an approach of teaching mathematics. However, many 
of the discussions about advantages appear to be of a subjective nature. 

Justification for this.research lies in the fact that little is 
known Meee how effective various approaches to the teaching of 
mathematics are for different learners. To make meaningful allowances 
for individual differences, answers to the question ‘What kind of student 


is best suited for an approach that is self-directed, or partially- 


teacher-directed, or teacher-directed?' are necessary. 


VI. LIMITATIONS 


The samples for this study were selected from a population of 
grade five pupils in two urban schools. It may be that older or younger 
cee or children from different schools would react differently to 
the procedure outlined for the three groups. Since the number of 
mathematical concepts chosen was limited, other concepts may be more or 
less suitable for this kind of an approach. There might also exist a 
better or more effective way of preparing and presenting the topics that 


were used in this study. 
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The child-centered or self-directed activity approach to the 
teaching of mathematics is difficult to define or describe and usually 
examples are used to accomplish this task. (Kaye, 1968; Biggs, E., 1968, 
1969). However, one outstanding feature of the approach is that it is 
"open-ended', The ‘open-endedness' was somewhat limited to control for 
discrepancies in time between the three groups and this must be 
considered in interpreting the results and making generalizations about 
them. Subjects were permitted to complete 'open-ended' tasks after school 
if they desired. However, actual class-time was the same for the self- 
directed, partially-teacher-directed and the teacher-directed groups. 

An across-group comparison could not be made since the three 
treatments were assigned to the groups on the basis of a predetermined 
criterion. To avoid introducing a totally strange procedure to the 
subjects in the three groups, an attempt was made to match group 


membership with past experiences of mathematics learning. 


VII. OUTLINE OF THE REPORT 


In Chapter II some theoretical aspects and a few empirical 
enquiries that have contributed to recent trends in elementary school 
mathematics teaching are discussed. 

| In Chapter III the samples, teaching methods, instruments, testing 
procedures and statistical analyses are described. 

In Chapter IV the data are analyzed and the findings are 
presented. 

Finally, in the last chapter, the study is summarized and some 


recommendations for further research are made, 
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CHAPTER II 


SELECTED RELATED LITERATURE 


Considered in a theoretical framework the new knowledge that has 
Deiter iatia to recent changes and led to new approaches of teaching 
elementary mathematics comes from three distinct fields: 

1. developmental theory 

2. learning theory, and 


a. 6empiricalenquiry . 


I. DEVELOPMENTAL THEORY 


Jean Piaget stands out as the most important man in providing 
observations and research relevant to the problems of learning mathematics. 
Piaget's developmental theory and the results of his ingeneous experiments 
(Piaget, 1952, 1960, 1964, 1967) contain many valuable suggestions as to 
how children develop and how they learn mathematical concepts. Piaget 
himself has not written extensively on the educational implications of 
his developmental theory. He has stated (Piaget, 1951, pp. 95-98) that 
an individual's apparent failure to grasp the most basic concepts of 
elementary mathematics stems not from a lack of any special aptitude 
but rather from affective, emotional blocking or inadequate preparation. 
Frequent failures of formal education can be traced to the fact that it 
begins with language, illustrations, and narrated action rather than 


réal practical action. 
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Concrete experiences of a child are of fundamental importance. 
The child "must have the actual situation to handle or at least images of 


these situations " 


(Dienes, 1966, p. 32). This practical activity should 
be systematically developed and amplified throughout the primary grades. 
Piaget also has said: 
The question comes up whether to teach the structure or to present 
the child with situations where he is active and creates the 
structure himself... The goal in education is not to increase 
the amount of knowledge, but to create the possibilities for a 
child to invent and discover himself ... Teaching means creating 
Situations where structures can be discovered; it does not mean 


transmitting structure which may be assimilated. at nothing other 
than a verbal level (Duckworth, 1964, p. 498). 


Several authors have attempted to state the important implications 
of his Praca 

Sullivan (1967) shows how Piaget's description of development 
could be used as an aid in assessment of learning outcomes in a curriculum. 
RUE enertore: he describes how Piaget's observation of various stages 
could be used as an aid in the structuring and sequencing of subject 
matter in a eels and how these observations are suggestive of 
certain types of learning Meineanenee This is why Piaget is more 
favorably received by persons who are predisposed to "discovery" and 
"activity" learning approaches as opposed to learning through direct 
verbal interchange between teacher and child. The theory results in an 
emphasis on concrete manipulation of his environment by the child. 

Harrison (1967) relates Piaget's theory to mathematics education. 
Concepts, he states, should be built from appropriate "concrete 
experiences." Students can be led to create their own notions of the 
structure of a subject if they are given a rich experiential background. 


Flexible thinking is encouraged by giving students opportunities to 
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12 
approach problems from several points of view and from different methods 
of attack. In another article Harrison (1969) shows how Piagetian ideas 
can relate to mathematics teaching and learning at the secondary level. 

Biggs and MacLean (1969) make many valuable suggestions for an 
active approach to learning mathematics, An attempt has been made by 
these authors to incorporate two of the points emphasized by Piaget 
about active learning. First, a child must be allowed to do things over 
and over again and thus reassure himself that what he has learned is 
true. Secondly, this practice should be enjoyable. The authors also 
state that the image of the teacher as "the fountain of all knowledge" 
must disappear. Teachers should not give or "teach" a lesson, but provide 
a focus for discussion. 

Adler (1966) points out that the mathematical experiences a child 
is given at any age should be experiences he is ready for in terms of the 
stage of mental growth he has reached, and they should help prepare him 
to advance to the next stage. Concepts should be built from appropriate 
concrete experiences. Manipulating sets of objects may help in gaining 
a better grasp of relations. In the development of new concepts at any 
level it is necessary to proceed from the concrete to the abstract. Errors 
in thinking should be overcome by providing experiences that will expose 
these meee: and enable a child to correct himself. A variety of 
approaches enable a child to see things from many points of view and in 
this way mental growth is encouraged. 

Almy (1968) concludes that demonstrations and pictured illustrations 
are less meaningful than activities. Direct experience is the avenue 
to knowledge and logical ability. The ability to use language to express 


logic is an outcome of activity. Attempts to improve the child*st logic 


J 
7 rd . 
bes! 4 , : 72 Ui gt 29 
, re8 iA 27 
“anal ; ; i f ’ o1* Se z 
ip é, 
@4 “ mi } } i * y a3 
: ay 
. f Vi I 
= ~ y 
_ ; 
< 4 : j 
- he i 
_ 
7 
' 
4 
/ 
j i” 
i 
1 t { ; 4 f ‘7 
af 
' ] t i ; Fpl 
_ f f M f ; 
i j ‘fZ / et : Bf5)) “eri =! nn -. Af olf y lWit 
; ey }: 
+ ay? ° a » @ < 
6 a 1. ® ri ry ij j f bye { eal Sanu “& iJ es. ipt lv os | 
“ / 


a a ae 
1 nZi I ] PA A ras ng inlo ui eas a@ 


ony 
6 7 =a 5 
ALIA a ioe T4 = ' ay a¢ & Mi ; “ite a 
a “ af i 7 an a é é é + 
a 
- 7 


vw eet Oo yon Ue ZueieKevab Sag ath ep hRioy te mee va 


7 


“712 Hsagongs us Lama 


J yd a Bathe 
i Cs: 


< 
_ 
on 
6 
Ge 
¢ 
6 
Ww 
\ 
ie 
u 
ie) 
=<) 
‘ 


S625 i (iw tots wsnwetseres eal Si iong ae unary att: bin a 

7 7 . ‘-_ 
tp =) Qorg sarey A 7) i. 7d jaan oF WEsAb ss at dnital ‘ 
yaar ——— 


ses — 76 23 TSq ad hey wana) aie pei 


- 7 : es $i oy el. ii 
om ? " eel? bemrss ta ‘She ue a ae barf ray § 
i aay a osiths ve Foc = ae oe 
3 ane % init ae tae i ‘Tite 


7 
OM 


_ gu! ae q 
7 


13 


solely through instructing him in the use of language are not likely to 
be very successful. Physical activity and social exchanges with his peers 
develop a child's logical thinking. It is possible that a child learns 
more readily from peers than from adult instruction. Listening to 
children may thus be more valuable than telling them. 

The above statements imply that meaningful learning cannot take 
place by merely presenting materials from a printed page such as a text- 
book. Active involvement, concrete materials, and socialization amongst 
peers are necessary ingredients for a healthy and efficient learning 
environment. A setting like this would narrow the gap between real life 
learning and 'traditional' school learning. Duckworth (1964, p. 497) 
States sthat: 

You cannot further understanding in a child simply by talking 
to him. Good pedagogy must involve presenting the child with 
situations in which he himself experiments, in the broadest 
sense of that term - trying things out to see what happens, 
manipulating things, manipulating symbols, posing questions, 
and seeking his own answers, reconciling what he finds at one 


time with what he finds at another, comparing his findings with 
those of other children. 


II. LEARNING THEORY 


Dienes (1960, 1963, 1966, 1967, 1970) has developed a theory of 
idcidtar teu learning and teaching that is based on the assumption of the 
correctness of Piaget's work. In commenting on some of the basic 
processes involved in mathematical learning he states that exploring and 
manipulating should be a part of mathematics lessons. Play should be 
regarded as an integral part of any learning cycle and mathematical play 
should be generated by providing children with a large variety of 


constructed mathematical materials. A large number of different situations 
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must be provided to enable a child to make abstractions. Mathematical 
concepts should be taught by changing the values of the mathematical 
variables and thus encouraging children to generalize. Children, 
according to Dienes, are able to engage in quite sophisticated logical 
thinking if the stimulus situations are of a concrete character. 

This latter statement seems to support Bruner's (1960) 
hypothesis that any subject can be taught to any child at any level in 
some honest form. Bruner also states that it is important to translate 
mathematics to the child's way of thinking and that basic ideas should 
be presented in a concrete form as early as possible and that they should 
be represented and developed in more and more abstract forms as the 
child's thinking processes mature. 

Fehr (1968) defines mathematics as a way of thinking, a medium 
for communication, a procedure for quantification of problems and a 
description of observed phenomena. According to Fehr, the approach 
that is most effective for the learning of mathematics and the one that 
has the most promise of permanence and of transfer of learning to the 
solution of quantitative problems is the process of going from experience 
with things, to thinking about things, to abstraction and concept formation, 
to thinking with the concept, to symbolization and manipulation, and 
finally to re-organization of the newly learned concept into the whole 
structure. 

Gagne's (1965, 1967) theory of knowledge acquisition proposes 
some manner of functioning for learning sets in a hierarchy. He 
hypothesizes that within this hierarchy specific transfer from one 
learning set to another set of higher order will be zero if the lower 


one cannot be recalled. If it can be recalled, transfer will range up to 
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one-hundred per cent. Such curriculum projects as the individually 
Prescribed Instruction (IPI) have been heavily influenced by the learning 
hierarchy concept. This hierarchy, according to Bolvin (1968), permits 

the analysis of the behavior required as pre-requisites to a given objective. 
This analysis serves as a guide in sequencing and ordering objectives 

and it can be determined which objectives are useful in attaining 

another objective. 

Suppes (1966) is another educator who has contributed to the 
development of theoretical constructs. One of his models has implications 
for sequencing in mathematics. He believes that in analyzing performance, 
latencies are in many respects more important as a source of information 
to the theorist than response data. Suppes suggests that response 
latencies may be a good device for determining the nature of the 
cognitive strategies students use for solving certain classes of problems. 
The study reported (Suppes and Groen, 1966) indicates how latencies might 
be employed to provide fruitful information for the study of sequencing. 

In summary, the theories and constructs that were briefly 
mentioned seem to support the principle that learning is a developmental 
process. As the child explores his environment, mathematical notions 
arise in his mind and he becomes aware of characteristics and properties 
of objects as well as relations among ideas. As the child gets older 
these notions are pened and they result in highly structured concepts. 
Eventually he is enabled to deal with abstractions and symbols. 

Statements on the developmental and learning theories emphasize 
some significant aspects of mathematics learning for children in the 
elementary school. Children should be able to manipulate objects or 
symbols in various ways and they should be given an opportunity to 


invent, discover, raise questions, compare results and exchange ideas 
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with their peers. Exploring, playing, and experiencing with things in 
a variety of situations leads to symbolization of, or thinking with, 


the concept. 


Til. RELATED EMPIRICAL ENQUIRIES AND LITERATURE 


In part, the preceding theories and statements have led to new 
approaches in teaching mathematics. Changes on this continent have been 
slow. In England, for example, changes in classroom procedure began 
more than thirty years ago and experiments in the teaching of mathematics 
began about ten years ago. (Biggs, 1968, A). The Nuffield Mathematics 
Teaching Project, for one, emphasizes learning by doing with its 
ultimate goal to produce happy children capable of thinking for themselves 
(Matthews, 1968). 

The new methods of teaching mathematics are given various labels. 
The most common is probably "discovery approach", Regardless of the 
label, the one common feature present is that there exists the attempt 
to offer a child-centered activity-oriented program that encourages 
children to think, investigate, and discover for themselves. 

Glennon (1968, pp. 73-75) lists sources that give rise to claims 
both for and against discovery learning. The list in favor includes: 
natural and preferred way of learning, motivating power, and better 
learning and retention. Counter claims include: increased expenditure 
of time, possible frustration, not suited for all children, and at certain 
age levels, understanding is more general, clearer and more precise when 


learned through verbal presentation. 
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In his article Bittinger (1968) reviews studies that dealt with 
discovery and concludes that "the studies do not seem definitely 
conclusive in view of their possible contradictions. Many of them fail 
to be convincing because they lack rationality of learning or because 
they fail to give the didactic method a fair chance" (p. 144). He reports 
one ere oriented study that was conducted by Suchman at the elementary 
level in which it was found that after twenty-four weeks the subjects in 
only two out of six schools performed significantly higher on a test 
of content. He also found that inquiry trained children were peeling ae 
they asked fifty per cent more questions about the test problems; and 
they asked more analytical questions. However, there was no significant 
difference on tests which measured such things as principles underlying 
the demonstrated phenomena, necessary events occurring in problem solving, 
and importance of related parameters. 

Kieren (1969) reviewed recent research on activity learning under 
the headings of: Discovery Teaching and Learning in Mathematics, and 
Manipulative Learning in Mathematics. He reports that the literature on 
discovery suggests a conflict between methodologies which will sponsor 
maximum understanding and those which sponsor maximum motivation to 
continued learning. He concludes that recent research (1964-1968) does 
little to resolve this theoretical conflict. Kieren agrees with Bittinger 
by stating that the results present a mixed picture and that the discovery 
methodology used is frequently not clearly defined. Kieren also questions 
the quality of the research done on manipulative play and he concludes 
that many of the studies are pilot studies in some sense and often the 
questions asked were too simple. Careful aeeinition of the problem is 


frequently lacking. 
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One study which involved elementary school children (grades 
five and six) was conducted by Worthen (1967). He made use of two different 
treatments. For one method, verbalization of each concept or generalization 
was delayed until the end of the instructional sequence (discovery method), 
and for the other method (expository), verbalization of each concept or 
generalization was the initial step in the instructional sequence. Two 
classes in each of eight schools served as experimental groups, and the 
subjects in the two classrooms were instructed by the same selected 
teacher, The mathematical concepts were selected on the basis of suit- 
ability for both discovery and expository teaching a probable unfamiliarity 
to subjects at the inception of the study and included: notation, addition, 
and multiplication of integers; the distributive principle of multiplication 
over addition; and exponential notation and multiplication and division of 
numbers expressed in exponential notation. 

Worthen found that the pupils taught by the discovery method were 
able to retain significantly more material after a five week delay and 
again eleven weeks after the instructions. These subjects also showed 
superior ability to use discovery problem-solving approaches in new 
situations whether they require paper and pencil application or invoive 
verbal presentation by the teacher. However, there appear to be a few 
weaknesses in the study which could lead to systematic bias and thus 
contaminate the results. Even though the teachers were trained, one 
criterion for their selection was willingness to participate in the 
research project. Also the same teacher taught both approaches or 
treatments in each of the schools. This would make it rather difficult 


to assess the role expectations played in obtaining the results. 
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Shuster and Pigge (1965) used different teaching methods by 
varying the amount of developmental-meaningful activities and drill 
activities according to the following percentages: 75 - 25; 50 - 50; 
and 25 - 75 respectively. Their results led them to conclude that 
children learned skills better by spending less time on drill and more 
time on developmental-meaningful activities. 

Tanner (1969) reviewed various studies and classified them 
according to mathematics, science, rules of coding and classifying, and 
miscellaneous. He concludes that the studies and results defy synthesis. 
Not only do they present contradictory and non-significant results, they 
also were conceptualized in a great variety of ways when such things as 
method, time and medium of instruction are considered. Tanner concludes 
that a satisfactory synthesis is not possible as yet and experimental 
studies of ‘discovery learning’ do not provide sufficient rationale for 
sweeping changes in curriculum and instruction. One of his suggestions 
for directions in which further studies might proceed is to attempt to 
investigate the effectiveness of different treatments for different 
learners. 

Numerous advantages of the 'activity' or experience approach 
are discussed by different authors. However, some of these tend to be 
very a ienesue in nature and others seemed to be based on casual 
observation. Bruner (Downey, 1965, p. 74) suggests four benefits: ''The 
increase in intellectual potency; the shift from extrinsic to intrinsic 
reneeaetathe learning of the heuristics of discovering; and the aid to 


conserving memory." 
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Ausubel (Saylor and Alexander, 1966, pp. 185 ~- 186) believes 
that discovery methods are useful in the early, unsophisticated stages 
of the learning of any abstract subject matter and that various cognitive 
and motivational factors undoubtedly enhance the learning, retention, 
and transferability of meaningful material. He also points out that 
many advocated advantages of the discovery approach, including those 
stated by peuhee lack supporting research data, 

Biges (1968-A) discusses various advantages of the activity approach. 
Pupils are allowed to think for themselves. They can investigate 
mathematical problems in individual and original ways. Appropriate 
activities stimulate the student's curiosity and children acquire skills 
from devising and refining their own methods for written calculations. 

The appreach allows for independent discovery which in turn leads to 
satisfaction and success, and working in groups enables the children to 

learn from each other. Additional statements include such generalizations 

as; catches the child's imagination and sustains his enthusiasm; 
satisfaction of success (Biggs, 1968, A, pp. 2-3); the pupils are relaxed, 
happy and respectful. The British teachers are equally relaxed, tolerant, 
and genuinely respectful towards the pupils, (Unkel, 1968, p. 137), and 

the Chinese proverb, "I hear and I forget; I see and I remember; I do, 

and I tine iets" is often quoted to state the advantages of such an 
approach, 

Kaye (1968), who discusses mainly the new role for the teacher, 
also claims that if the pupil is presented with some investigation that 
interests him, he will gain arithmetic skill and competence much faster, 
but probably at a later age than the pupils of the past. The approach 


creates interest and the emphasis in the classroom changes from 


An : 
~ : een Th. 
- i 7 ’ ae | 7 H : 
: ; : es Zz i] : As “ ~_ ' 
_ a al bine D f a sg vs [ } T er en i aad 7 , : asia ; i 
:  : 
rogata Vanticeinijere eke. bio i9 a0 cei nv 
a le - Aap" 7 
svi depos eye hy TEER LL tid Ipertetle eel) ee 
nm et err TS I= 
| coteat 
i iy P ; ; 
’ * 
4 
t d A 
f t , F rsh il Tr 1 
i } y : 
(hy \ a y 
t4 ; > > iy nc a 7 
é 1 are 
: . } ! = ‘T j 4 I wa - lid... >t ! ils ote oe 
} 
’ a : 
} “y 4 i ig q 30,9 ( ~h El r : Pave ’ . pets} 
€ 
K ‘ jj ; nt } bs a | I eile gts 7) j nea *2 i five oy 
™ 4 ‘ - Wes 


tind gi(tEL) .q), SARL <taddUy, .alkiqua ja abtiane a: Zag 


po: I faa ese] regan h 4 fia sink salen 


i ‘ 7 


“ee aud Fo 2g 9e I Nevo aN a st ot st oo y ane 


fats i-s ya 


| ee 

— 3 . : | My oa a, e a ulead 
» Dad tata e) aa Ape ht igh! aecs i asi 

nn ih ght i s 4 

. a om sss? vow 8 F 


_ 


| a ae rie / Bentined 
a aatiaiine moose: 


7 


{ 


21 


"teaching" to "learning". The noise level in the classroom is high, but 
discipline problems are minimized. A highly student-centered experience 
approach leads to more and faster learning than we would expect, and 
students develop a willingness to tackle new problems. 

~Servais (1968) who talks about new methods in ethene 
education states that"rather than that the students should be disgusted 
by a routine forced-feeding of ideas imposed from outside, they should 
find pleasure in searching their way through a situation that awakens 
their curiosity and challenges their intelligence" (p. 797). The 
approach which is based on involvement assures adequate motivation. 
Students learn by experience to schematize, to untangle structure, to 
define, to demonstrate, to apply themselves instead of listening to 
ready-made results. 

Mathex Bulletins (Encyclopaedia Britannica) provide teachers 
and students with mathematical topics that are based on the activity or 
experience approach. Various articles mention advantages of the 
experiment approach to mathematics. Children observe, invent and thus 
remember (Sawyer, 1967). The activities are flexible and as each child 
can make a contribution and this reinforces confidence in himself. Many 
activities relate mathematics to the experience of the children and in 
this way the subject comes alive, becomes more meaningful, and generates 
interest and enthusiasm (MacLean, 1967). The activities permit children 
to discover important mathematical principles and relationships and the 
arrangements of these activities develop strategies for thinking about 
mathematics in general. That is, children learn how to learn (Nelson, 
1967). The activities provided for the pupils are meant to lead to a 
mastery of mathematical calculations but in a degree appropriate to the 


ability of each pupil (Sawyer, 1968). 
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It is difficult to summarize the role of ‘discovery’ teaching 
since there is so much divergence in the way the term is defined. It 
seems that pupils who are exposed to an approach that differs from an 
expository method ask more questions and the questions are more 
seeareeraeinis| (Bittinger, 1968). Discovery seems to aid retention (Worthen, 
1967) and when a greater proportion of time is spent on developmental 
activities, achievement is higher (Shuster and Pigge, 1965). aries 
possible advantages include: favorable motivational factors, a shift 
Exomeextrinsic to antrinsie motivation, stimulation of curiosity, 
attainment of satisfaction and success, minimized discipline problems, 


and willingness on behalf of the students to tackle new problems. 


IV. VARIABLES AND MATHEMATICS LEARNING 


A number of variables will be examined in this study. Some of 
these variables have been included because other studies have found them 
to be related to mathematics learning and achievement. Others were 
included because questions have been raised about the effectiveness of 
different treatments for different learners (Cathcart, 1969; Tanner, 1969 
Vance, 1969), and variables related to personal and social adjustment 
could be important factors that affect a student's ability to learn by a 
method which is to a large extent self-directed and group-activity 
oriented. 

Goodnow and Bethon (1966) contend that among school children all 
tasks show a close relation to mental age. Kennedy and Walsh (Glennon, 
1968, p. 42) conclude from their factor-analytic study that as far as 


intellectual variables are concerned, there is evidence of a strong 
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factor relating to high achievement and high ability which would seem 

to indicate that mathematical ability is not a specific ability, but 
relates to overall high ability. However, Glennon (1968, p. 43) warns 
that since intelligence tests tend to discriminate against the child from 
the lower socio-economic class extra care should be used in not excluding 
a child who is talented but whose measured intelligence scores do not 
clearly indicate his talent. 

Glennon (1968, p. 65) states that "where stress is put on meaning- 
fulness in learning as well as individual discovery of some of the 
material to be learned, it seems imperative that the student be able to 
read the textbook(s) with a high degree of competence and confidence." 
This would be especially the case where some part of the mathematics 
program is self-directed. The explanations, problems and activities 
are presented on a printed page and understanding the problem necessitates 
such reading skills as comprehension of statements and selection of 
relevant details. These reading skills are essential for selecting the 
correct procedure to solve problems. 

Romberg (1969, p. 480) states that since mathematics has its own 
symbolism and syntactics, it requires its own reading skill. He reports 
a study by Call and Wiggin who found that a ten-day unit on the reading 
of mathematics helped students to solve arithmetic problems. Also 
mentioned is a study by Gilmary who 'surprisingly' found that remedial 
reading instruction had a positive effect on arithmetical computation 


achievement. 
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Kagan (1963, 1965, 1966) developed a testing procedure that 
enables an examiner to identify different conceptual tempos. Impulsive 
and reflective students can be identified in terms of the time they take 
to respond to various stimuli presented to them in the form of pictures. 
Kagan aoa that differences in conceptual tempo might exist even if 
children are of equal intelligence and his research results suggest that 
"an individual's preferred conceptual strategy is implicated in a wide 
variety of behaviors" (1963, p. 109), and it remains the preferred mode 
over a number of years. 

Kagan found that an impulsive child will tend to report the first 
hypothesis that occurs to him and this response is often incorrect. 

The reflective child, on the other hand, delays a relatively long time 
before reporting a solution and is usually correct. He points out that 
in arithmetic a child is required to make inferences, and certainly any 
program that emphasizes the discovery method of instruction has as its 
key aim the practice of inference. Discovery tasks place an impulsive 
answerer at a disadvantage since he is wrong more frequently and thus 
experiences more negative reinforcement. 

Cathcart and Liedtke (1969) found that reflective children in 
grade two scored significantly higher on an achievement test that consisted 
of three parts: concepts and their application, ability to solve verbal 
problems and ability to recall basic facts. 

Glennon (1968, pp. 47-48) reviews several studies on the effect 
of ‘cultural deprivation' on achievement in mathematics. He concludes 


that (p. 48), 
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the research evidence tends to indicate that where no specific 

intervention in the education of the culturally disadvantaged 

child takes place, the child will deviate negatively from the 

middle class achievement norm in arithmetic. 

This deviation tends to become greater as the student progresses 
through school. There exists, however, much evidence that points to a 
great variance in achievement demonstrated by ‘culturally deprived' 
children. 
Jarvis (Glennon, 1968, p. 49) included 350 boys and 350 girls 

of similar chronological age in a study to determine whether there exist 
differences in achievement in elementary school mathematics (grade six) 
between these two groups. The results led him to conclude that bright 
boys are superior to their peer group girls in both reasoning and 
fundamentals. Male students showed more ability than the female students 
to perform arithmetic reasoning functions. However, with the exception 
of the 'bright' group, girls were superior to boys in their ability to 
execute the arithmetic fundamental operations. Findings of a similar 
study lead Glennon (p. 50) to the conclusion that when either extreme 
of the I.Q. range is excluded boys will achieve higher than girls on 
tests dealing with mathematical reasoning while the girls will achieve 
higher on tests on computational ability. 

Semler (1960) examined as part of her study the relationship 
between personality characteristics as measured on the California Test 
of Personality (CTP) and academic achievement. She used 438 fifth-grade 
subjects and found a correlation of .32 between personality and 
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record, 


as a 


Ln - 7 : 7) ‘1 
7 7 i 7 - a J i a 7 . 
y _ 4 s 
7 epi fl : betes Jaws SSAne Iberd 3 2 jas 9 *iahe sb tet, 
2 sA/ p zy Ry up 5, e@! ha i! 14 8G 1. i was - / rs eo 
| Veeck 
¥ : ) i 4 Nn Ze ( =] 
{ | c 4 TB ae 
- 
‘ a 
9 f sf 2 ee 
| 
‘ 
/ 
j 
> iS 4 va aT 
, ii I i uo 
; - a 
Ae 0) BP 8 op f 3%) ee { > Ws Gq! lt Wal iph. fle 
. my) oA fi fi | "4 if 
‘J f bioe LE a elit 
; 4 : ae i 
yi : be i ovia , ‘ if, i if sh De 7 
1 4) OW ibe aiivit aki ben: tsad 6 by OF 4 
a bey 
Pidila aig nya na toe 
fo as ~*~ 
7 bait : ee, 
a fining Gd? . vas 13 ‘ _ =aifeee («. 
4 & var io teat os finn =. 0b ayag 


F Pye _ VAs, 54 2 a? : . ho 

boy efurgi tie) se no Deiehon. oe wet ] ¥] 
; i *\ 7 ay 

7 ¥ CAR > 
bereits G56 been any ae A 


. 


a 7 
aa 7 ‘ne Ye ae an. ais at 


> “at 
af _ = oy in 


nw | Primus e Sao foes’ 
pee, 


26 

In his survey of related research, Neufeld (1967) reviews several 
Studies that deal with measures of personality. He points out that many 
investigators have found positive relationships between personality 
factors and achievement under conventional instructional methods. 
However, recent studies involving programmed materials have reported 
“negative relationships. As part of his study Neufeld used the sub-test 
scores of the CTP to investigate the relationship between components of 
personality and achievement gain in elementary school mathematics classes 
using the Individualized Mathematics Curriculum Project approach. He 
found that there existed some significant differences in personality 
characteristics among pupils of different levels of mathematical 
achievement gain when such variables as sense of personal worth, social 
standards, freedom from withdrawal tendencies, social skills, freedom 


from anti-social tendencies and community relations were considered. 


V. SUMMARY 


Piaget's theory of intellectual development describes learning 
as orginating from the child and his own interests and drives. The 
child learns from active interaction with his environment and doing things 
that ore interesting to him. He explores, experiments, and modifies his 
behavior and conceptions of the world by Aare Ge selt—fultiiiingsdrives,. 
During the first five or six years of his school-life, concepts 
such as space, time, relations, classes and combinations become 


available to.the child. 
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-.. these general concepts are the stuff of general knowledge 
and intelligence. These general concepts of the develcping 
intelligence evolve whether the child goes to school or not 
because they are not dependent upon specific instruction (Furth, 
NES TYR A orem 9 

Piaget's theory, when applied to the elementary school, is suggestive 
of certain types of learning atmospheres which, according to various 
authors, would narrow the gap between real life learning and traditional 
school learning. Duckworth (1964), Sullivan (1967), Harrison (1967, 
1969), Biggs and MacLean (1969), Adler (1966) and Almy (1968) have made 
Suggestions which are applicable to the mathematics classroom in the 
elementary school. These include: an active involvement by the learner; 
manipulation of objects and symbols by the learner; working in a peer 
group; time by the learner to pose questions, experiment, and seek his own 
answers and the possibility to compare his results with other children. 

Dienes (1966, 1967) and Fehr (1968) have developed models of 
mathematics learning which are based on the assumption of the correctness 
of Piaget's work. Incorporated into their models are most of the 
suggestions listed above. Dienes and Fehr show how these suggestions 
can be used to stimulate the development of the ability of making 
abstractions and the learning of mathematical concepts. 

Results from various studies seem to suggest that there exist 
certain advantages for young children when they are presented with an 
approach that differs from the expository method. Some advantages of an 
activity or discovery approach include: better learning and retention 
(Worthen, 1967; Shuster, 1965); increased fluency in asking questions 
(Worthen, 1967); high motivating power and sustained enthusiasm (Biggs, 
1968 - A); willingness to tackle new problems (MacLean, 1967); 


attainment of satisfaction and success (Biggs, 1968 - A); and minimized 


; a 
7 | @ 
f a i T. i 4 iv I Te vi ‘stipe 
i I 1 i - TA 7 
7 ; - - 
T ; 4 rf 1 L4) pi wae 
i 1 ar? an “ah 
é : 1 
I \ Th 
» 
Ji 
5 7) 
Lit 
/ 
nl ‘i 
: 4 F Fp 
oy a : LI“eep. BSG Re as Widied! = ‘ite 8 omy 


“ i - 
ECT Lays APL CONE, lag 


Wide a, O34 mt) go k ah sims ity! wnstranal 
’ 7 "ed 


b 2ishom Veods i-tme en ee home ‘is ’ 


‘a 


oli teyeve seods wad qoile sree hich 4 Ki. JsvedAs barter. 5 
143 lira So:ytitems @lalad is mead iy il aaa y ey i 
_. aw? 
. 7 pea) 
cedayosiing’ (e958 aun 2 To gente 2 oe i ; 


yt > @ =: I LS ay JEQR CE 79x ~~] anh Ria tay Hee 


ad Stiy bod dseuza ede ms saan 


nrc 


ce bho aprd.. 


" 10’ 23s 402 tev ie i take 


2 ert ¥ Bits Beh s DTG aoe 
tars 
be : Jib scala 


28 


discipline problems (Kaye, 1968). Some counter claims (Worthen, 1967; 
Ausubel, 1967) include: an increased expenditure of time; possible 
frustration; unsuited for all learners; and at certain age levels 
understanding is more general, clearer and more precise when learned 
through verbal presentation. 

The variables which have been shown to be positively related to 
mathematics achievement include intelligence (Glennon, 1968), reading 
ability (Glennon, 1968; Romberg, 1969) and socio-economic status 
(Glennon, 1968). There appear to be differences between boys and girls 
when mathematical reasoning and computational ability are considered 
(Glennon, 1968). 

Neufeld (1967) points out that there exists some evidence to 
Suggest that the relationship between personality factors and 
mathematics achievement might vary for different instructional methods. 
Kagan (1963) suggests that an individual's preferred conceptual strategy 
is implicated in a variety of behaviors and Cathcart (1969) found that 
children classified as reflective scored higher on an achievement test 
than impulsive children. 

The purpose of the present study was to examine the 
relationship of the variables mentioned above to mathematics learning 
in settings which were self-directed, partially teacher-directed and 


teacher-directed, 
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CHAPTER IIT 


THE EXPERIMENTAL DESIGN 


This chapter contains an explanation of the design that was 
employed and a description of the materials that were used. The pilot 
study and the samples are discussed. A description of the tests that 
were used, the testing procedure employed, and the scoring and 
Statistical methods used to analyze the data of the study is also 


included. 


I. DESIGN AND MATERTALS 


The major purpose of this study was to examine the role of certain 
pupil characteristics in three different settings. For the self-directed 
(SD) setting an attempt was made to minimize the direct role of the 
teacher. His main responsibility was to distribute the materials and 
to answer questions that were asked by individuals as they worked in 
groups and attempted to solve the problems presented. Any checking of 
answers was voluntary. The groups were asked to reach a consensus on 
their answers. The correctness of their replies could be checked from 
the blackboard the following session, 

The characteristics that were considered in this study 
included levels of: intelligence, reading ability, conceptual tempo, 
ability to make personal adjustment, ability to make social adjustment, 
sex and socio-economic status. In order to determine which of these 
variables could be used to predict learning outcomes for a teacher- 


directed and a partially teacher-directed setting, two other treatments 
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were considered. One of these treatments was very teacher-directed 
(ID). In this setting the teacher introduced the topics and assigned 
work to be completed by the individual members of the group. The 
checking of the answers was done as a group activity at the beginning 

of the following session, For the other treatment (PTD), the teacher 
introduced the topics, but then the pupils worked in groups while 
attempting to solve the problems, The answers to the problems were 
written on the board the following day but the checking of these was not 
mandatory. Material was prepared for approximately four weeks of class 
periods that lasted about fifty-five minutes. The main topics covered 
included decimal fractions, number pairs, perimeter, area, number arrays, 
maps (contours and scale), curves, Stuah networks, multiplication and 
probability (Appendix C). 

A pilot study was conducted to check on the suitability of the 
content and the approximate time the students would take to complete 
the activities. Following this some revisions were made and some of 
the activities included were made optional since it took these subjects 
longer than expected to complete the exercises. The optional activities 
are indicated with an asterisk in Appendix C. 

Only a few minor differences existed between the material for the 
three treatments. The SD- and the PTD-groups received the material as 
it is shown in Appendix C. Only a few minor changes were made for the 
TD-group. These included the rewriting of six pages (Appendix D) and the 
leaving out of instructions that were directed specifically toward group 
activities or activities that involved working with a partner. 

Each subject received a copy of the activity sheets. The 


teachers' copies were prepared in booklet form. These booklets contained 
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the topics, a division of the topics into lessons, objectives for each 
lesson, answers to all the exercises, a list of the materials that would 


be needed and a list of review questions. 


II. INSTRUMENTATION 


In this section each of the instruments used to test the 


hypotheses stated in Chapter I is described. 


Matching Familiar Figures Test: This instrument is a modification of a 
test designed by Jerome Kagan (1965) and it enables an examiner to 
identify different conceptual tempos in pupils. Each item on this test 
consisted of pictures on two 8% by 11 inch sheets of paper. On one page 
a picture was presented as a standard. The other page contained six 
pictures similar to the standard. However, only one of the six was 
exactly like the standard. As a subject faced the two pages the 
following directions were given: "' (name of subject), I am going to 
show you a picture of something you know and then some pictures that 

igok -fike it.” “I°would’ like you to find the picture on this page 

(point to page with six pictures) that is most like the picture on this 
page (point to single picture)." If the response given by the child 

was correct a simple comment like, "Good, let's try another one" was made. 
In the case of an incorrect response the comment consisted of "No, there 
is one closer than that. Try to find it." The time taken until the 
first response was given was measured with a stop watch to the nearest 
half second and a record of each response was kept until the correct 
answer was given. Thus impulsive (fast) and reflective (slow) students 


were identified in terms of the time taken by each one to respond to 
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2 
the various stimuli presented to them and in terms of the number of 
incorrect responses each one gave. A median split on both average errors 
and average time was used to classify the subjects according to 
conceptual tempo. 

The whole test consists of two practice items and twelve test 
items. Prior to the study this test was given to ten subjects to 
obtain an estimate of the administration time. It took between fifteen 
and twenty minutes for each individual. A further check revealed that 
little information was lost by cutting the test down to the first six 
test-items. mies the first six items were used as part of this study 


and it took about ten minutes to test each subject individually. 


California Test of Personality: This test designed by Thorpe, Clark, 
and Tiegs (1953) is organized around the concept of life adjustment as 
a balance between personal and social adjustment. Personal adjustment 
is assumed to be based on feelings of personal security and social 
adjustment on feelings of social security. The test consists of twelve 
subtests (defined in Appendix B), each containing twelve items. One 
half of the subtests and items are designed to measure components of 
personal adjustment, whereas the remaining subtests and items measure 
components of social security. According to the authors the subtests or 
components are not names for so-called general traits but rather names 
for groupings of more or less specific tendencies to feel, think and act. 
Sims (Buros, 1959) concludes that "as a measure of self-concept 
in the, as of now, vaguely defined area called adjustment, this test is 
as valid as most such instruments" (p. 39). This conclusion is based 


on the fact that the items of this test are based on research resultsand 
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33 
were constructed with the help of counselors, clinical psychologists 
and teachers. 

Reliability coefficients (Kuder-Richardson formula) of .94, .93, 
and .92 are reported by the authors for the whole test, the personal 
adjustment part, and the social adjustment part, respectively. The 
Peliability coeificients for the subtests range from..59 to .83. Sim's 
(Buros, 1959) comment on 'fair' reliabilities for the subtests is defended 
by the authors, and they state that since many of the items touch 
relatively sensitive personal and social areas and since such student 
attitudes may change in a relatively short time, the statistical reliability 
of instruments of this type will sometimes appear to be somewhat lower 
than that of good tests of ability and achievement. The intercorrelations 
between subtests range from .22 to .59 and appear low enough to warrant 
the use of each subtest as a separate measure. 

Sims concludes his review of the test by stating that "... as 


personality inventories go, the California test would appear to be among 


the better ones available" (p. 39). 


California Short-Form Test of Mental Maturity: This test (Sullivan, et. 
al. 1961) is described by the authors as "an instrument for appraising 
mental development or ‘mental capacity'."' It contains seven subtests 
which sample four main areas of mental activity (termed "mental factors"): 
spatial relations, logical reasoning, numerical reasoning and verbal 
concepts. These four factors are covered in both, a language and a non- 
language section of the test. The results of the test yield an I.Q. score 
for the whole test as well as scores for the language and non-language 


components, 
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Burt (Buros, 1959, p. 313) in his review of the test reports that 
the reliability (K-R21) for the total scores varies between .87 and .89 
at most grade levels. Validity coefficients based on observed and 
corrected correlations with the Stanford-Binet, WISC and with other 
group intelligence tests are reported to average about .75, “but 
correlations of this nature are not very informative" (p. 314). 

The intercorrelations between the measurements for the four 


W 


"mental factors" range from .30 to .60 and these eon the authors' 
claim (according to Burt) that the test taken as a whole provides an 
excellent instrument for assessing general 'capacity'. However, Burt 
questions the value of some of the subtests as reliable and valid 
assessments of so-called special factors, since they only take from seven 
to fifteen minutes to complete. Low reliabilities which range from .50 
to ./5 appear to support. his doubt. 

Burt also states that the names given to the factors and the 
detailed instructions for their measurement might encourage the examiner 
to extract far more information from the test results than is actually 


present. "These minor criticisms, however, in no way affect the general 


merits of the test as a whole” (p. 314). 


Socio-Economic Status: To determine a measure associated with this 
variable, Blishen's revised Occupational Class Scale was used. Blishen 
used data on education and income from the 1951 Canadian census to 
construct his first ranking of occupations. He used these same variables 
and additional information to construct his revised scale which is based 
on the 1961 census data. Blishen reports a rank correlation of .96 


between the two scales. 
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35 
For this study, the occupation of the father was obtained from 
the school records. If the father's occupation was not available, the 
mother's occupation was used instead. The occupations were then located 
on Blishen's socio-economic index and a number was assigned to them by 
two different persons. The results were compared and in case of 
disagreement additional information was obtained from the child concerned 


and the above procedure was repeated. 


Stanford-Achievement Test - Reading: The Intermediate I Battery (Kelley, 
et. al., 1964) includes ten tests. Only one of these, the Paragraph 
Meaning Test, was used with the subjects in this study. This test 
consists of paragraphs which contain blanks. The pupil is required to 
select words or phrases that best fit the blanks. 

Robinson (Buros, 1959, p. 656) feels that such a test format 
favors pupils who have had considerable experience and instruction in 
using context clues. They could earn higher scores, he claims, even 
though they can read less well than other pupils who have had no such 
instruction. Robinson also points out that this technique of testing 
limits the range of comprehension abilities which can be measured. 

The test authors' claim for validity of the test is based on 
their having made an examination of appropriate courses of study and 
Ben ChOORS in determining the skills, knowledge and understandings to 
be measured. 


The reported reliabilities of the Paragraph Meaning Test are .92 


(split-half) and .91 (K-R20). 
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36 
Mathematics Pre-Test: This test consisted of twenty multiple choice 
questions, It was constructed by the investigator and administered to all 
of the subjects before the study began. A copy of the test can be found 
in Appendix E,. 

The main purpose of this study was to investigate the relationship 
between certain pupil characteristics and mathematics achievement in three 
different settings. The pretest was used to check whether or not there 
existed any relationships between the variables associated with the pupil 
characteristics and mathematics knowledge before the treatment began. 

The items of the test were based on most of the concepts that were 
presented to the subjects during the study. Since amount of prior knowledge 
has been shown to relate to achievement under different learning conditions 
(Nuthall, 1968), the scores of this test were used to check on the possible 
existence of such a relationship in each cf the three treatments. 


The reliability of the pre-test was .60 (K-R20). 


Initial Learning and Retention Tést: This criterion test consisted of 
thirty multiple choice questions and it was administered one day after 
the study was completed. The same test was again administered to the 
subjects four weeks after the completion of the study to provide a 
‘measure of retention. A copy of the test is given in Appendix A. 

The questions of the test were based on the material that was 
presented to the subjects during the study. An attempt was made to include 
three different types of questions. Part A of the test, which included 
thirteen questions, dealt with recall of the material as it was presented 
during the study. Part B consisted of ten questions that required the 


subjects to apply some generalizations about the material that was presented 
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to them during the study to material that was very similar to te 
Part Cc, which consisted of seven questions, required the solving of problems 
that were not confined to operations and solutions of problems for 
which a straightforward procedure had been presented during the study. 
The reliability for the initial learning test was .58 (K-R20) 
and the correlations between the initial learning and retention test for 


the three groups ranged from .64 to .74, 


TIt. THE SAMPLES 


Prior to the main study a pilot study was carried out. One grade 
five class from an open-area school in Edmonton participated. This class 
was not used in the main study. The main purpose of the pilot study was 
to observe the children in action and to note their reactions to the 
material presented to them. Results of the observations and the teacher's 
comments were used to change various parts of the material and some parts 
of the activity booklet were made optional. 

The design of the study required the participation of different 
groups of students for each of the treatments (SD, PTD, TD). When 
treatments such as these are used, the teacher variable becomes a very 
dominant factor. To control in some way for this factor it was planned 
to select groups of students from open-area schools. In this way two 
classes of students could be combined for the duration of the study and 
the influence of any one teacher could be limited by having him work with 
another teacher as a team. Since two of the treatments (PTD and TD) 
required the formal introduction of a topic, the teachers could then be 


asked to take turns with this task. 
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A request for six grade-five classes from open-area schools was 
made to the Edmonton Public School Board. Since the method of teaching 
or presenting the prepared material for one of the treatments (SD) differed 
somewhat from the textbook oriented mode to cance mathematics, an 
attempt was made to obtain a school where such an approach had been used 
as part of ties mathematics program. This was considered important since 
the study would only last for about four weeks and a new approach would 
use up a great portion of this time to acquaint the pupils with it. 

The reply to the above mentioned request included the names of 
three open-area sowen ye" The principals of these schools were contacted 
and after talking to the teachers, the researcher selected two of the 
schools for the study. Four classes of grade five pupils came from one 
school (School-1) and one and one-half classes from the other (School-2). 

Schooi-1 had an open-area as part of the building. However, the 
majority of the classrooms in this school were of the conventional type. 
During the day various classes moved in and out of the instructional area. 
Two grade five classes were located side-by-side in the open-area. Part 
of their program was group-activity oriented and part of their mathematics 
program included activities, games, and exercises that were not based on 
any one textbook. These two classes were selected to be part of the 
SD-treatment. 

Two other classes in School-1, whose home area consisted of a 
conventional classroom but who moved into the open-area at the same time 
for part of their instructions, were selected for the PID-treatment. 

Their past mathematics experience was textbook oriented. 
All the subjects in School-2 were part of the TD-treatment. Some 


of these subjects shared an instructional area with a group of grade four 
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pupils. However, for the duration of the study all the subjects worked 
together in one area, In this school, mathematics teaching was based on 
the textbook. 

The number of subjects in each of the schools and involved in 
each of the treatments who completed the study are summarized in Table I. 
Seven subjects were excluded from the study because they missed more than 
one-fourth of the total number of days during the study and one subject 
(PTD) was dropped because he failed to complete any of the activities or 
tests assigned to him. Of the eight subjects that were excluded from the 
study, five were from the SD-group, two from the PTD~group and one from 


the TD-group. 


TABLE I 


DISTRIBUTION OF SUBJECTS FOR THE TREATMENTS 


School Treatment Boys Girls Total 
1 SD 30 Pid Di 
PED 32 21 so 

2 TD 16 21 Sf 


IV. PROCEDURE AND DATA ANALYSIS 


The study was conducted during the months of March and April, 
1970. Prior to the study, a meeting was held with the participating 


teachers. The purpose of the study was explained to them, the materials 
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40 
and the general procedure were discussed, and questions were answered, 
The teachers in charge of the SD-and PTD-treatments felt that it would 
be best if students were assigned to the instructional groups of four at 
the beginning of the study. Some interchange within groups would be 
permitted and any subject wanting to work by himself was allowed to do so. 

While the study was in progress, the researcher observed the 
pupils in action on various occasions. Some of their comments and 
reactions were noted and their work was observed. Attention was paid to 
such things as method of attacking the problem, mobility within each 
group, mobility between groups, and the teacher's role. 

The standardizedgroup tests were administered by the experimenter 
during the first two weeks of the study. The individual testing for the 
Matching - Familiar - Figures Test began during the study and was 
continued for about one week after its completion. All the tests were 
marked by the experimenter. Before the results were recorded on a data 
punching form, random re-checks of the tests were carried out. 

All the data were analyzed by the University computer. Programs 
supplied and documented by the Division of Educational Research (1969) 
of the Faculty of Education, University of Alberta were used. Some 
parts of the analysis were done with the aid of a computer program for 


IBM/67 that uses Iverson's APL-notation. 
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CHAPTER IV 


THE RESULTS OF THE INVESTIGATION 


In this chapter the findings of the study are presented. The 
tests of the hypotheses and other analyses of the data are reported. 
The results for each of the treatments (SD, PTD, TD) are summarized 


separately and the various hypotheses are analyzed. 


I. THE SELF-DIRECTED TREATMENT (SD) 


The pretest (Appendix E) consisted of twenty multiple choice 
questions with four choices for each of the eeoeaones It was 
administered to the fifty-six SD-subjects one day before the study began. 

The test was used as a check on the subject's knowledge of the 
topics that were presented during the study and the results are 


summarized in Table II and Figure l. 
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TABLE II 


PRE-TEST RESULTS FOR SD-SUBJECTS 


Range Mean Standard Deviation 
1-12 70 ABT 


2 


a2 
10 


10 


Frequency 


1 a 3 4 5 6 7 8 9 10 Pie We 
Number of Correct Responses 


Figure 1 


FREQUENCY DISTRIBUTION OF CORRECT RESPONSES ON PRETEST FOR SD-SUBJECTS 


During the study, which lasted four weeks, the subjects worked 


in an open-area. The two teachers in charge of this group felt that in 


order to avoid confusion it would be best to assign the students to 


groups before they began to work on the material. The teachers divided 


the students into groups of four and they attempted to place at least one 


"high' achiever into each of the groups. The subjects were told that 


they could exchange places with other students if they so desired, and 
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anyone wanting to.work by himself was permitted to do so. After the 

first week, some of the ih achievers had moved together and by the 

end of the study about one-half of the subjects belonged to a different 
group. Three, and at times four subjects preferred to work alone through- 
out the study. 

The materials for the activities (Appendix C) were placed at one 
side of the open-area and the appropriate activity sheets were handed 
out at the beginning of each session, The students were allowed to take 
sheets beyond those assigned for the day, if they so desired. Only on 
a few occasions did some of the students take an extra sheet. The 
completed sheets were filed by the subjects ites a loose-leaf binder or 
APE 

The students were encouraged to work together as a group and 
they were asked to discuss their approaches to the activities and the 
answers. The two teachers were available during each session to give 
help or to make suggestions. They helped settle arguments and assisted 
in clarifying problems, but direct answers were not given. At the 
beginning of eh session one of the teachers recorded the answers from 
the previous day's activities on a blackboard and the students could 
check their work if they wanted to. The number of subjects who did check 
their aa gradually decreased to about one-fourth. 

The noise level for this group could be described as very high, 
especially at the beginning of each session. It decreased somewhat as 
each period progressed. At any particular time many of the subjects 
could be found standing by their desks or kneeling on their chairs while 
talking to the other members of the group. Frequently some subjects 


moved to other groups, exchanged ideas, observed, and returned to their 


tables. 
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To obtain a measure of intellectual ability, the ability to 
make personal and social adjustment, and reading ability, the following 
_gYroup-tests were administered: the California Short-Form Test of Mental 
Maturity, the California Test of Personality, and the Stanford Achievement 
Test — Reading (Paragraph Meaning). The tests were marked and some of 


Poe resonits are summarized in Table Tit. 


TABLE TIT 


RANGES, MEANS AND STANDARD DEVIATIONS OF INTELLIGENCE -, 
PERSONALITY - AND READING TEST SCORES 
FOR SD-SUBJECTS 


TESt Range Mean Standard Deviation 


Intelligence 70 - 134 106.90 12739 


Personality Adjustment 


Oto 60 - 133 Siw) 20.00 
Personal 25 - 65 46.82 NA Ok ay) 
Social 28 -— 70 49.76 10.44 
Reading 12 - 56 34.45 sire 


Blishen's (1968) revised Occupational Class Scale was used to 
obtain a measure for each subject's socio-economic status. The 
appropriate index value was assigned to each subject on the basis of 


the father's occupation. For three cases the occupation of the mother 
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had to be used. The range, mean and standard deviation for the index 


value are shown in Table IV. 


TABLE IV 


RANGE, MEAN AND STANDARD DEVIATION OF BLISHEN 
OCCUPATIONAL CLASS SCALE VALUES FOR 
SD-SUBJECTS 


Range Mean Standard Deviation 


To identify each subject's conceptual tempo, the Matching Familiar 
Figures (MFF) Test was administered to each subject individually. The 
time each subject took to give his first response was measured with a 
stop watch to the nearest half second. A record was also kept of each 
response until the correct answer was given. The number of incorrect 
responses was totalled and the average error per question was caiculated. 


The results for the MFF test are tabulated in Tabie V. 


TABLE V 


RANGES, MEANS AND STANDARD DEVIATIONS OF MFF-TEST 
RESULTS FOR SD-SUBJECTS 


Range Mean Standard Deviation 


Time 8 - 98 ZO ah 


Errors ; L632). 50 89 47 
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46 
To identify impulsive and reflective subjects a scatter diagram 

of the average response time against the average number of errors was 
plotted. A division was made to maximize the number of subjects who 
could be classified as impulsive or reflective. On this basis, an 
impulsive subject was defined as a subject whose average response time 
was less than 20 seconds and who averaged more than .83 errors per 
question. A reflective individual was defined as one whose average 
response time was more than 20 seconds and who averaged less than 1.00 


errors per question. As a result of these divisions, 17 subjects were 


‘classified as impulsive and 18 subjects as reflective, as shown in the 


scatter diagram of Figure 2. 


Mig 332 4300 267 .83 2-00 1.77 1.337150 1.67 1.33 2,002 aye? 231720 
Average Number of Errors 


Figure 2 


SGATTER DIAGRAM OF THE RELATIONSHIP BETWEEN TIME AND ERRORS 
ON MFF-TEST FOR SD-SUBJECTS 
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To evaluate the learning outcomes, a three-part test consisting 
of thirty multiple choice questions was constructed. The thirteen 
questions in Part A dealt with recall of the material that was presented 
during the study. Part.B of the test consisted of ten questions that 
required the students to make some generalizations about the topics that 
were presented to them. Part C was made up of seven questions which 
involved the solving of problems. 

The test was administered one day after the study was completed 
(Initial Learning Test) and again four weeks later (Retention Test). 

The subjects were encouraged to attempt all of the questions. In case 

of uncertainty about the method of solving a problem they were asked to 
mark the answer they thought to be the correct one. The Initial Learning 
Test scores ranged from seven to nineteen with a mean of 11.55. The 
results of the Initial Learning Test are summarized in Table VI and the 


frequency distribution of the correct responses is shown in Figure 3. 


TABLE VI 


MEANS AND STANDARD DEVIATIONS OF INITIAL LEARNING 
TEST SCORES FOR SD-SUBJECTS 


a a a co 


Mean Standard Deviation 
Patter 524 2.03 
Part B Son! aol: 
Part.G 2.84 LOD 
Toral IN es) 2203 


For the four weeks between the administration of the Initial 


Learning Test and the Retention Test the subjects returned to their 
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regular mathematics program. The participating teachers were asked not 
to continue with any of the activities that were provided during the 
study, and to exclude similar topics from their course of study for 

these four weeks. Fifty of the subjects wrote the Retention Test. 

The scores for the test ranged from 8 to 21 and the mean was 12.24. 

The results for the different parts of the Retention Test and the total 
test are shown in Table VII and the frequency distribution of the correct 


mespouses On this test isi piven in. Figure 3. 


TABLE VII 


MEANS AND STANDARD DEVIATIONS OF RETENTION TEST 
SCORES FOR SD-SUBJECTS 


Mean Standard Deviation 
Part A 5.88 Zag 
Parctis See! 1.49 
Part-G 292 0.92 
Total L224 203 
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Hreure 3 


FREQUENCY DISTRIBUTION OF CORRECT RESPONSES FOR SD-SUBJECTS ON 
INITIAL LEARNING AND RETENTION TEST 


The data associated with the variables and the tests described 
above were used to test the following null - hypotheses: 

1.) Norysubjects,in .the.SD-group there exist no significant 
correlations between the initial learning test scores or retention test 
scores and the following variables: 

ay Pintellectual abt isey 


b. reading ability 
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€. S0C10-economic status 
d. ability to make personal adjustment 
e, ability to make social adjustment. 

2. For the subjects in the SD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
pupils who are grouped as being: 

a, |) reflective or impulsive 
b. male or female 

Correlation coefficients (Pearson type) for the variables and 
the criteria were calculated and they are listed in Table VIII. ‘No 
significant correlation existed between intelligence, socio-economic 
status, personal adjustment, social adjustment, reading ability and the 
scones, for thej initial Learning and Retention!Test. Therefore the 
corresponding null~hypotheses stated above were not rejected. There 
existed no significant differences in means between groups of: high or 
low intelligence, high or low socio-economic status, high or low ability 
to make personal adjustments, high or low ability to make social adjustments, 
or high or low reading ability onseither the Initial Learning) Tést or the 
Retention Test. That is, for the self-directed group it was not possible 
to predict mathematics achievement as measured on the Initial Learning 
Test on the basis of the variables considered. 

To test the hypotheses which deal with differences of groups 
formed on the basis of conceptual tempo and sex, t-ratios were calculated. 


These calculations are summarized in Table IX. 
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TABLE IX 


MEANS, STANDARD DEVIATIONS AND t -RATIOS OF INITIAL LEARNING AND 
RETENTION TEST SCORES FOR GROUPS FORMED ON THE BASIS 
OF SEX AND CONCEPTUAL TEMPO (SD) 


Standard 
Test G N M 
ape Fah Deviation t(calculated)* 
Male 30 12043 3.26 
1.801 NS 
Female 21 VOR) 1 132 
Toa tial 
Learning Impulsive shy 1.3) 3.56 
.814 NS 
Reflective 18 2246 2023 
Male 30 L250 SP ee 
193 NS 
Female 20 AEP ee) 2.18 
Retention 
Impulsive 16 Tey 2 3.69 
104 NS 
Reflective 18 2207 5 A 
et ras 
ROR on renhe 
* = 
¢ 601,32) 2.450 


The results in Table IX indicate that there existed no significant 
differences in means on either the Initial Learning or Retention Test 
between boys and girls. Consequently, the corresponding null~hypotheses 
were not rejected. Although no significant differences in mean existed 
between boys and girls on the Initial Learning Test, the six highest 
scores, which ranged from 16 to 19, were obtained by six boys. The lowest 
marks on this test were scores of seven and eight. Of the six subjects 


who scored in this range, four were boys and two were girls. 
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Of the 17 subjects who were classified as impulsive, eight were 
boys and nine were girls. The reflective group was made up of eleven boys 
Bc avci girls. The differences in means on either of the two tests for the 
reflective and impulsive groups were not significant (Table IX) and, 
Ps etore: the corresponding BRT en paaicecs were not rejected. 

Of the six subjects with the highest marks on the Initial 
Learning Test, three were classified as impulsive and two as reflective. 
Of the six subjects who had the lowest scores, four were impulsive and one 
was reflective. 

It was previously stated that three and sometimes four of the 
SD-subjects did not stay with their group because they preferred to work 
by themselves. Three of these subjects were boys and one was a girl. A 
check of the scores these students obtained on the California Test of 
Personality showed that all four of them scored in the 20 percentile range 
or lower on the personal adjustment part of the test and the percentiles 
scores for the social adjustment subtest were 1, 5, 10, and 20. Only one 
of these subjects received a score lower than the mean for the group on the 
Initial Learning Test. Two of the subjects scored well above the mean, 
and the remaining subject obtained the highest score. 

It is interesting to note that mathematics achievement, as 
measured on the Initial Learning Test, could not be predicted from the a 
pretest scores for the subjects in this setting. The correlation coefficient 


of .277 between these two variables was not significant. 
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Il. THE PARTIALLY TEACHER-DIRECTED TREATMENT (PTD) 


The PTD-subjects wrote the pretest on the same day as the subjects 
for the, other groups. There were 55 pupils in this group who wrote the 
test and their scores ranged from 0 to 13. The mean of the test was 6.38 
and the standard deviation 2.37. The results of the test are summarized 


in Table X and Figure 4. 


TABLE X 


PRE-TEST RESULTS FOR PTD-SUBJECTS 


Range Mean Standard Deviation 
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FREQUENCY DISTRIBUTION OF CORRECT RESPONSES ON PRETEST FOR PTD-SUBJECTS 


oD 

While the study was in progress the PTD-pupils worked in an open- 
area in groups consisting of four pupils each. The students oes assigned 
to these groups by their teachers who attempted to place at least one 
high achiever in each group. The majority of the groups consisted of boys 
and girls. Two boys and one girl preferred to work by themselves and did 
so for the duration of the study. 

The setting for this group could be described as a tightly 
organized one. A definite sequence was followed from day to day and it 
consisted of checking the previous day's exercises, introducing the topics 
for the day, assigning the problems and assisting the groups that requested 
help. For the checking of the exercises, the teacher read out the answers. 
The two teachers took turns in introducing the topics. A typical 
introduction to a topic included the reading of a paragraph, explaining 
some of the terminology, solving a sample problem and assigning the problems 
for the period. The pupils were encouraged to work as a group while 
solving the problems. For the remaining part of each period the teachers 
moved about the area giving help to and making suggestions for the different 
groups that requested it. 

The teachers insisted that the students work quietly and, consequently, 
the noise level was low. The pupils did exchange ideas but most of the 
communication that tock place was between pupils in the same group. There 
existed very little interaction between groups. If a group had completed 
the daily tasks they proceeded to the next problem sheet or they solved 
some of the optional activities. 

The intelligence, personality, and reading tests were administered 
to the group by the experimenter while the study was in progress. The 


results of these tests are given in Table XI. 
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TABLE XI 


RANGES, MEANS AND STANDARD DEVIATIONS OF INTELLIGENCE - 
PERSONALITY - AND READING TEST SCORES 
FOR PTD-SUBJECTS 


> 


Test Range Mean Standard Deviation 


Intelligence 75, = 4134 109.64 13.46 


Personality adjustment 


Total 565=_ 133 95.34 19.62 
Personal ZA = OF 4559.9 10.86 
Social 28 - 67 aT S on90 
Reading 10 - 56 Smell LAS 
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The occupations of the father, and in one case of the mother, 
were used to get a measure of socio-economic status for each subject. The 
range, mean and standard deviation of the Occupational Class Scale values 


(Blishen, 1968) are shown in Table XII. 


TABLE XII 


RANGE, MEAN AND STANDARD DEVIATION OF BLISHEN OCCUPATIONAL 
CLASS SCALE VALUES FOR PTD-SUBJECTS 


Range Mean Standard Deviation 
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The MFF-Test was administered to each of the subjects individually 
by the experimenter. The time taken to give the first response was recorded 
with a stopwatch and a record was kept of each reply until the right 
answer was given. The average time taken for each question and the average 
number of errors per question were calculated for each pupil. The ranges, 


means and standard deviations for these two variables are presented in 


Pable XiiT. 
TABLE XIII 
RANGES, MEANS AND STANDARD DEVIATIONS OF 
MFF-TEST RESULTS FOR PTD-SUBJECTS 
Range Mean Standard Deviation 
Time 6.5 - 46.5 22402 9.97 
Errors ayia 2 3 770 0 


A scatter diagram of average response time against the average 
number of errors was plotted to classify the subjects as impulsive or 
reflective. On the basis of this diagram it was decided to define an 
impulsive subject as a pupil whose average response time was less than 
20 seconds and who averaged more ses .83 errors per question. A subject 
who took more than 20 seconds for each question and whose average error 
rate was less than 1.00 was classified as a reflective individual. This 
method of division resulted in 17 subjects being classified as reflective 
and 15 subjects as impulsive. The results of the MFF - Test are 


summarized in the form of a scatter diagram in Figure 5. 
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Figure 5 


SCATTER DIAGRAM OF THE RELATIONSHIP BETWEEN TIME AND ERRORS 
ON MFF-TEST FOR PTD-SUBJECTS 


The Initial Learning Test which consisted of 30 multiple choice 
items was administered one day after the study was completed. The scores 
for this group ranged from 7 to 21 and the mean was 12.34. The results 
for the different parts of the test and for the whole test are listed in 
Table XIV. The frequency distribution of the correct responses is shown 


in Figure 6. 
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TABLE XIV 


MEANS AND STANDARD DEVIATIONS OF INITIAL LEARNING 
TEST SCORES FOR PTD-SUBJECTS 


a 


Mean Standard Deviation 
Part A 6.21 IEP ILE: 
Pant 1B. Sane’ 62 
Ear. G Aste 1220) 
Potat 12.34 3.66 


The results of the same test administered four weeks later as a 
measure of retention are presented in Table XV. For this test the scores 
ranged from 3 to 22 and the mean was 12.66. The distribution of the 


scores are illustrated in Figure 6. 


TABLE XV 


MEANS AND STANDARD DEVIATIONS OF RETENTION TEST 
SCORES FOR’ PTD-SUBJECTS 


Mean Standard Deviation 
Part A 6.32 24k 
Part B 3.40 1.98 
Part Gc 2.94 1.29 
Total 1266 Aes. 
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FREQUENCY DISTRIBUTION OF CORRECT RESPONSES FOR PID-SUBJECTS 


INITIAL LEARNING AND RETENTION TEST 
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The data presented on the previous pages were used to test the 
following null-hypotheses: 

3. For the subjects in the PTD~group there exist no significant 
correlations between the initial learning test scores or retention test 
scores and the following variables: 

a. amcelicetual ability 

bis reading ability 

c. socio-economic status 

d. ability to make personal adjustment 
e. ability to make social adjustment 

4, For the subjects in the PTD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
pupils who are grouped as being: 

a. reflective or impulsive 
b. male or female 

Correlation coefficients (Pearson type) between the variables 
mentioned in the null-hypotheses were calculated and they are listed in 
Table XVI. Significant relationships existed between intelligence, 
personal adjustment, social adjustment, reading ability and the Initial 
Learning and Retention Test scores. Therefore the corresponding null- 
hypotheses stated above were rejected. Since the relationships between 
socio-economic status and the two test scores were not significant, the 
associated null-hypotheses were not rejected. 

Of the variables that resulted in a significant relationship 
with the learning and retention test scores, only intelligence correlated 
significantly with the pre-test scores. The correlation coefficients 


for the pretest scores and the variables are shown in Table XVII. 
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The results obtained seem to indicate that for the group in this 
setting which was partially teacher-directed and where the pupils worked 
in groups such variables as personal adjustment, social adjustment, and 
reading ability are of importance in predicting the learning outcomes 


as measured on the Initial Learning Test. 


TABLE XVII 


INTERCORRELATIONS*AMONG VARIABLES AND PRE-TEST SCORES 
FOR PTD-SUBJECTS 


Socio-economic Personal Social 
Intelligence Status Adjustment Adjustment Reading 
Pre-test 391 Reig [7 aEZ .289 314 
*Significant («= .01) Correlations are underlined 


To test the differences in means between groups formed on the 
basis of conceptual tempo and sex, t-ratios were calculated. The 
results of these calculations are presented in Table XVIII. 

The results of the calculation listed in Table XVIII show that 
there existed no significant differences between boys and girls on 
either ae Initial Learning or Retention Test. Thus, the corresponding 
null-hypotheses were not rejected. Although no significant differences 
in means existed between boys and girls, the five highest scores on the 
Initial Learning Test, which ranged from 18 to 21, were obtained by boys. 


Four subjects received a score of seven on this test. This group 


consisted of two girls and two boys. 
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Fifteen subjects made up the impulsive group. Of these seven 
were boys and eight were girls. The reflective group consisted of eleven 
boys and six girls. The mean for the reflective subjects on the Initial 
Learning Test was higher than for the impulsive subjects, but this difference 
was not eer eieene at the .01 level. Consequently, the corresponding 
null-hypothesis presented was not rejected. However, on the retention 
test the reflective students scored significantly higher than the 
impulsive students, and, therefore, the appropriate null-hypothesis was 
rejected. 

On the pre-test the reflective subjects had a mean of 7.43 and the 
mean for the impulsive subjects was 5.74. The calculated t-ratio value 
was 2.106. This difference in means was not significant, since t(.01,30)= 
Die Dds 

Of the five subjects who scored highest on the Initial Learning 
Test, three were classified as reflective and one as impulsive. Of 
the four subjects with the lowest marks, two were impulsive subjects and 


one was reflective. 
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TABLE XVIII 


MEANS, STANDARD DEVIATIONS AND t-RATIOS OF INITIAL LEARNING AND 
RETENTION TEST SCORES FOR GROUPS FORMED ON THE BASIS 
OF SEX AND CONCEPTUAL TEMPO (PTD) 


SS a en gg eee Se ee ee ee 


Standard 
eee oy: Group N Mean Deviation  t(calculated)* 
Male a2 b2%,.50 3399 
AO PoKs) NS 
Female 21. 12,00 SpA es) 
Initial 
Learning Impulsive 8S) ANAS 6) 4.02 
1.945 NS 
Reflective 17 14.00 Sew 
Male 32 P5743 Diez 
966 NS 
Female ae fl gs COS 
Retention : 
Impulsive 1S. 10.87 B205 
Spe Mis, S 
Reflective iW) be hy e2 2298 
n@01551) 2.680 
a o130) = 2.457 


Three subjects, two boys and one girl, of the PID-group left the 
groups they were assigned to and worked by themselves. Their percentile 
scores for the total and the subtests of the California Test of Personality 
ranged aie five to thirty. One of these subjects was excluded from the 
study since he failed to complete any of the tasks or tests presented to 
him. The scores on the Initial Learning Test for the other two subjects 
were near the mean for the group. 

A significant correlation coefficient of .411 between the pretest 
scores and the Initial Learning Test scores indicated that mathematics 
achievement could be predicted for the subjects in this setting on the 


basis of prior knowledge. 
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ITI, THE TEACHER - DIRECTED TREATMENT (TD) 


The subjects for the SD- and PTD-treatments attended one school 
and the subjects selected for the TD-treatment came from a second 
school. All of the grade-five pupils from this latter school were used 
in the study and there were 38 subjects who wrote the pre-test. The 


scores for this test ranged from 0 to 14. The mean was 7.71 and the 


Standard deviation was:2.91. The results of this test are summarized in 


Table XIX and Figure 7. 


TABLE XIX 


PRE-TEST RESULTS FOR TD-SUBJECTS 


Standard Deviation 


Zag: 
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Frequency 


Ul rot 10 


Number of Correct Responses 


Figure / 


FREQUENCY DISTRIBUTION OF CORRECT RESPONSES ON PRE-TEST FOR TD-SUBJECTS 


uy, 7 q 7 YY n iy 7 : AT 
4 q ae . { at ) Ta si a ig: ia ' ASTRA ee re 
. | , acs . oe 7 ’ > 
ie: 7, 7 cy iY } mM a 
' a ! oS - Hain Myer | ’ 7 ; ' t he Ties “ja 9 a? + tod _? a of 
1 : Mess ) ‘- : 
Q Fi f a’ ms ¢ a : pee! | ’ Ning ‘ fine o" ered A . 


7 U ; a 


ty OF § Pane i: tease Sari A ine i! Bnd . mie ants Be La 
Pe ; ‘ 7 


= 
ry. 


ve 
mn ea oad be aw 
. 4 ir 


fg ‘ 4 ye i at! ates 
a ia mu a as 
v3 nec io 2ngen 
si coy ey a 


67 


While the study was in progress the subjects of the TD-group 
met in one part of an open-area for their daily mathematics class. Their 
tables and chairs were arranged in rows and the pupils worked by them- 
selves. For the duration of the study two teachers were available, but 
only one of them was in charge of the group at any one time. 

A typical lesson consisted of an introduction or explanation, the 
assigning of problems and the checking of answers. Any questions that 
arose during the class period were answered on an individual basis and, 
frequently, explanatory diagrams were drawn on the blackboard for the 
pupil. Questions and corresponding explanations were a common occurrence 
and often four or five subjects would listen to an explanation given to a 
specific student. The pupils were asked to work by themselves, but, 
nevertheless, there existed frequent exchanges of ideas and answers between 
students who sat near one ee The teacher's favorite position 
appeared to be close to a blackboard and students would leave their desks 
to receive help which was often given with the aid of the blackboard. 

The group tests were administered to the subjects by the 
experimenter during the first week of the study. Some of the results for 


the intelligence, personality and reading test are listed in Table Xx. 
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TABLE XX 


RANGES, MEANS AND STANDARD DEVIATIONS OF INTELLIGENCE-, PERSONALITY - 
AND READING TEST SCORES FOR TD-SUBJECTS 


ts ss, 


Test Range Mean Standard Deviation 


Intelligence 99 - 130 LL] 562 S207 


Personality Adjustment 


Total 677 = 131 L06:,.05 15.80 
Personal 268= 865 50.84 Te 
Social 36 - 67 Do eee 7.86 
Reading ZL A= OD 44.81 ie 


A measure of each subject's socio-economic status was obtained by 
matching the father's occupation with the occupations listed on Blishen's 
Class Scale. The range, mean and standard deviation for these values are 


given in Table XXI. 


TABLE XXI 


RANGE, MEAN AND STANDARD DEVIATION OF BLISHEN OCCUPATIONAL 
CLASS VALUES FOR TD-SUBJECTS 
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Range Mean Standard Deviation 


297.3 — 16.0 O22 13.16 
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The MFF - test was administered to each subject. The responses to 
the test were timed and recorded. The average response Eine for each 
question and the average number of errors for each question were calculated 
for each subject. The ranges, means and standard deviations for these 


results are summarized in Table XII. 


TABLE XXII 


RANGES, MEANS AND STANDARD DEVIATIONS OF MFF - TEST 
RESULTS FOR TD-SUBJECTS 


Standard 
pares ieen Deviation 
Time 8.0° = 91.5 33.07. 1952 
Errors 0.0 - 1.83 ./0 ae) 


The average response time was plotted against the average number 
of errors per question for each subject and the scatter diagram (Figure 8) 
was used to classify the subjects as impulsive and reflective. An 
impulsive individual was defined as one whose average response time was 
less than 30 seconds and who averaged more than .50 errors per question. 
The reflective subject, therefore, took longer than 30 seconds for each 
question and he made less than .67 errors for each question. As a 
result of this division 14 subjects were classified as being impulsive 


and 12 subjects as reflective. 
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iesMEb-Lest scores for the subjects im this group resulted an 
a classification scheme with respect to reflectiveness and impulsiveness, 
which differed when compared to the SD- and the PTD-groups. The cut-off 
Points in|) terms of time and errors were different’. However, this is no 
way effected the analysis since the groups for the different treatments 


were not compared. 
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SCATTER DIAGRAM OF THE RELATIONSHIP BETWEEN TIME AND ERRORS 
ON MFF-TEST FOR TD-SUBJECTS 
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The three-part 30 multiple choice item Initial Learning Test was 
administered to the subjects one day after the study was completed. The 
scores for this test ranged from 9 to 26 and the mean was 15.89. The 
mean for the Retention Test, which was administered four weeks later, was 
17.28 and the scores ranged from 11 to 26. The mean and standard deviation 
for both the Initial Learning and Retention Test are presented in Table 
XXIII. The frequency distribution of the correct responses for both tests 


is shown in Figure 9. 


TABLE XXIII 


RANGES, MEANS AND STANDARD DEVIATIONS OF INITIAL LEARNING 
AND RETENTION TEST SCORES FOR TD-SUBJECTS 
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Test Part Mean Standard Deviation 
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The data on the variables outlined in the previous paragraphs and 
the results of the Initial Learning and Retention Test were used to test 
the following null-hypotheses: 

5. For the subjects in the TD-group there exist no significant 
correlations between the initial learning test or retention test scores 
and the following variables: 

ay intellectual ability 

b. eee ability 

c. socio-economic status 

d. ability to make personal adjustment 
e. ability to make social adjustment 

6. For the subjects in the TD-group there is no significant 
difference in mean initial learning test scores or retention scores of 
pupils who are grouped as being: 

a. reflective or impulsive 
b. male or female 

Correlation coefficients (Pearson type) between the variables and 
the Initial Learning and Retention Test scores were calculated and these 
intercorrelations are listed in Table XXIV. Correlation coefficients of 
.466 and .474 between intelligence and the Retention and Initial Learning 
Test Bots. respectively, indicate that the pupils of high intelligence 
scored significantly higher on these tests than the pupils of low 
intelligence. Thus the corresponding null-hypotheses were rejected. A 
correlation coefficient of .378 between intelligence and the pretest 
scores was not significant at the .01 level. No significant relationships 
existed between socio-economic status, personal adjustment, social 


adjustment and the scores for the two tests. Therefore, the corresponding 
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null- hypotheses were not rejected. The relationships between reading 
and the Initial Learning and Retention Test scores was significant and, 
consequently, the corresponding null-hypotheses were rejected. A 
correlation coefficient of .418 between reading and the pretest scores 
was significant. 

To test the null-hypotheses concerned with mean differences for 
conceptual tempo and sex groups, t - ratios were calculated. The 
results of the calculations which are presented in Table XXV indicate 
that there existed no significant differences between means for boys and 


girls on either the Initial Learning or Retention Test. Therefore, the 


TABLE XXV 


MEANS, STANDARD DEVIATIONS AND t-RATIOS OF INITIAL LEARNING AND RETENTION 
TEST SCORES FOR GROUPS FORMED ON THE BASIS 
OF SEX AND CONCEPTUAL TEMPO (TD) 
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associated null-hypotheses were not rejected. The four highest marks on 
the Initial Learning Test ranged from 20 to 26. Three boys and one girl 
scored within this range. Three boys and three girls made up the group 
with the six lowest marks which ranged from 9 to 12. 

The method employed to group the subjects according to conceptual 
tempo resulted in twelve subjects being classified as reflective and 
fourteen as impulsive.- Two of the reflective students were boys and ten 
girls. The impulsive group consisted of nine boys and five girls. No 
Significant differences in means on the Initial Learning and the Retention 
Test existed between the reflective and impulsive group. Consequently, the 
corresponding null-hypotheses were not rejected. 

The group of four subjects who scored highest on the Initial Learning 
Test had two reflective subjects and one impulsive subject as its members. 
Of the six subjects who received the lowest scores, two were classified as 
impulsive. There were no reflective subjects in this group. 

Mathematics achievement, as measured on the Initial Learning Test, 
could be predicted from the pretest scores for the subjects in this setting. 
The correlation coefficient of .479 between these two variables was 


Significant. 


IV. THE THREE TREATMENTS 


The main point of this study has to do with the examination of the 
treatment groups, separately, in relation to a number of variables. As 
the means on the tests used to measure these variables indicate, the 
characteristics of the groups with respect to these variables differed 
(Tables III, IV, XI, XII, XX and XXI). Keeping these differences in mind 


there might be some value in making a crude comparison. 
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When differences in means on the Initial Learning Test and the 
Retention Test for the three treatment groups are compared, no important 
differences exist between the SD- and the PTD-groups. However, the 
mean for the subjects in the TD-group was higher than the means for the 


subjects in the other two groups. 


V. SUMMARY OF THE RESULTS 


In the previous three sections of this chapter the data and the 
results for the three treatments and the corresponding hypotheses were 
presented. In this section the purpose of the study and the Sage findings 
are summarized. 

The main purpose of the study was to investigate the relevance in 
different settings of mathematics teaching of such pupil characteristics 
as intellectual ability, ability to make personal adjustment, ability to 
make social adjustment, reading ability, socio-economic status, conceptual 
tempo and sex. To evaluate the importance of these variables three 
distinct settings were studied - one self-directed, another partially 
teacher-directed and the third teacher-directed. Initial learning and 
retention tests were administered to the subjects in each of these settings. 
The learning test was completed immediately following the study and the 
retention test four weeks later. The results of these tests were used to 
study the relationship between learning outcomes and the variables listed 
above. All of the subjects also wrote a pretest that consisted of 


questions which dealt with some of the concepts presented during the 


study. 
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For the subjects in the self-directed setting none of the factors: 
intelligence, ability to make personal adjustment, ability to make social 
adjustment, reading ability and socio-economic status correlated 
Significantly with either the Initial Learning or Retention Test scores. 
There ee no significant differences in means on these two tests 
between boys and girls or between subjects who were classified as 
reflective or impulsive. 

For the subjects in the partially teacher-directed setting there 
existed significant correlations between intelligence, personal adjustment, 
social adjustment, reading ability and the Initial Learning and Retention 
Test scores. Of these variables, only intelligence showed a significant 
relationship with the pretest scores. No significant correlation existed 
between socio-economic status and the two test scores. The subjects who 
were classified as reflective obtained a higher mean on the Initial 
Learning and Retention Test than the impulsive subjects, but only the 
Retention Test means differed significantly. The means on the pretest 
for these two groups did not differ significantly. The Initial Learning 
and Retention Test means for boys and girls did not differ significantly. 

For the subjects in the teacher-directed setting the correlation 
coefficients for intelligence and the Initial Learning and Retention Test 
scores were significant. The correlation between intelligence and the 
pretest scores was not significant. No significant relationship existed 
between socio-economic status, personal adjustment, social adjustment and 
either the Initial Learning or the Retention Test scores. The correlation 
between reading ability and the two test scores was significant. However, 
this significant relationship also existed for the pretest scores. There 


existed no significant differences in means between impulsive and 
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reflective subjects or between boys or girls on either the Initial 
Learning or the Retention Test. 

There existed no significant differences between boys and girls in 
any one of the three treatment groups. As was the case for the other 
variables, no significant relationship existed between conceptual tempo 
and the learning outcomes for the subjects in the self-directed group. 

In the partially teacher-directed group the subjects classified as reflective 
had a higher mean for the pretest, the Initial Learning Test and the 
Retention Test than the impulsive subjects, but only the means on the 
Retention Test differed significantly. In the teacher-directed group, the 
“majority of the subjects classified as impulsive were boys, and most of 

the reflective subjects were girls. No difference in means existed between 
these two groups. 

The-amount of prior knowledge, as indicated by the pretest scores, 
could be used to predict the achievement results for the subjects in the 
partially teacher and the teacher-directed settings. No significant 
correlation existed between pretest scores and Initial Learning Test 


scores for the subjects in the self-directed setting, however. 
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CHAPTER V 


SUMMARY, DISCUSSION AND IMPLICATIONS, RECOMMENDATIONS 


I. SUMMARY AND CONCLUSIONS 


There exist today at least two important suggestions for changes 
in the elementary mathematics classroom. One change that is suggested 
is the departure from teacher-dominated group instruction. A second 
suggestion for change implies that there should be less emphasis on the 
traditional study of operations and instead various aspects or categories 
of mathematics should be included in the program for elementary pupils. 
These two factors contributed to the development of this study. 

It was the purpose of this study to investigate the relationship 
between such pupil characteristics as intellectual ability, the ability to 
make personal adjustment, the ability to make social adjustment, reading 
ability, socio-economic status, conceptual tempo (reflectiveness, impulsiveness) 
and sex and mathematics learning in three distinct settings. For each of 
the three settings the roles of the pupils and teachers differed. 

For one of the settings the pupils worked in groups and they 
solved problems and participated in activities without receiving any formal 
instruction from the teachers. The pupils worked by themselves and the 
teachers' main task was to be on hand to answer questions or make 
suggestions. Answers for previous tasks were written on the blackboard, 
but checking was voluntary. This setting was labelled Self-Directed CSD)". 

For the second, or Partially-Teacher-Directed (PTD) setting, a 
few additional tasks were assigned to the teachers. The topics were 
formally introduced to the subjects in this group. After a brief formal 
introduction which ih dann pohretded the reading of the answers from the 


previous day's work, explaining the new tasks for the day, giving some 
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examples and assigning the tasks for the day, the pupils wouid work in 
groups just as the SD-subjects did. The teachers were available to 
assist the groups. 

A third, or more formal setting, was mainly Teacher-Directed (TD). 
The teacher supervised the checking of the work and explained the new 
topics to the pupils. The pupils worked by themselves, and assistance 
was given to them by the teacher on an individual basis. 

An activity booklet (Appendix C) was prepared and it included 
exercises dealing with such topics as decimal fractions, number pairs, 
co-ordinates, perimeter, area, numbers in an array, contour lines, scale, 
networks, regions, multiplication, and probability. During a pilot study 
these topics were presented to a group of grade five students to make the 
geems suitable for this grade level. The activities for the SD-and PiD- 
settings were the same and only a few minor revisions were made for the TD- 
group. These revisions included the elimination of activities or questions 
which implied working with a partner or as a member of a group and a part 
of the section on decimal fractions was rewritten (Appendix D). An 
activity booklet was prepared for each of the subjects in the study. 

It was planned to use two classes for each of the settings 
described above. To control for the teacher variable it was decided to 
use hiss Se schools. In this way two class groups could be combined 
and a teachers could work together and exchange roles whenever the 
method of presentation called for a formal introduction of mi stopic. 

A request was made to the Edmonton Public School Board office for 
six grade five classes from open-area schools. Two schools were included 
in the study. One hundred and eleven students representing four grade 


five classes attended one school and 38 students from one and one~half 


classes attended the other. 
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Two classes from the larger school, or 56 subjects, were assigned 
to the self-directed treatment. These subjects were chosen for this 
setting since they had had some experience with the activity approach to 
mathematics learning. Puzzles, games and other group activities were 
part of their program. The two remaining classes in this school, or 55 pupils, 
were assigned to the partially teacher-directed group. The 38 students in 
the second school made up the teacher-directed group. The students who 
missed five or more days during the study, which lasted about four weeks, 
were excluded. By the time the study was completed there were 51 subjects 
in the SD-group, 53 in the PTD-group and 37 in the TD-group. From these 
two more subjects, one from the SD-group and one from the TD-group, were 
absent when the Retention Test was given. 

The school program for the two treatment groups in the same school 
was such that there existed very little communication or interaction 
between them. Their home--areas or home-rooms were located in different 
parts of the school and their daily schedules were different. When one 
group worked or studied in the open-area, the other group occupied 
classrooms in another part of the building. 

To gather the necessary data several instruments were employed. 
While the study was in progress the following group tests were 
administered to the subjects: California Short-Form Test of Mental Maturity, 
California Test of Personality and one section of the Stanford Achievement 
Test - Reading. The Matching Familiar Figures Test was administered 
individually to each of the subjects. To determine a measure of socio- 
economic status the father's occupation was obtained from the school 
records and this was matched against the occupations listed on Blishen's 


revised Occupational Class Scale. All of the subjects wrote a pretest 
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(Appendix E) consisting of twenty multiple choice questions which were 
based on most of the topics presented during the study. A criterion 
test (Appendix B) which consisted of thirty multiple choice items was 
constructed and it was administered to the subjects one day after the 
study was completed and again four weeks later to obtain a measure of 
initial learning and retention respectively. 

With the help of computer programs supplied by the Division of 
Educational Research Services the constructed tests were analyzed, 
descriptive data for each of the instruments used in the study were 
obtained, and intercorrelations between the variables were calculated. 
Group comparisons within treatments were made with the aid of a t - test 
function for IBM/67 that uses Iverson's APL-notation. The hypotheses 
were tested ‘at the’s.0l level: of significance. 

For the subjects in the SD-group no significant relationships 
existed between intellectual ability, socio-economic status, ability to 
make personal adjustment, ability to make social adjustment and reading 
ability <andi the) scores on either the initial Learning Test or the 
Retention Test. There existed no significant differences for the means 
on the criterion tests between impulsive and reflective subjects and 
between boys and girls. 

tor the PTD-group intellectual ability, the ability to make personal 
adjustment, the ability to make social adjustment and reading ability 
correlated significantly with the scores on the Initial Learning Test and 
the Retention Test. Of these variables only intellectual ability 
resulted in a significant correlation with the pretest scores. The PTD-subjects 
classified as reflective had a higher mean for the pretest, the Initial 


Learning Test and the Retention Test than the impulsive subjects, but 
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only the means for the Retention Test differed significantly. There 
existed no significant difference between the means for boys and girls 
on either the Initial Learning or Retention Test. 

The coprelation jcoeffiicients for intellectual ability, reading 
and the Initial Learning and Retention Test scores were significant for 
the subjects in the TD-group. However, the correlation coefficient for 
reading ability and the pretest scores was also significant. The 
correlations between socio-economic status, ability to make personal 
adjustment, ability to make social adjustment and the Initial Learning 
Or Retention Pest] scoresu werner noti signiticant.) There: existed=no Ssienificant 
differences between impulsive and reflective subjects and boys and girls 
on either the Initial Learning or the Retention Test... 

On.the-basis of the results presented the following conclusions 
may be drawn: 

(1) The non-existent relationship between the variables and the 
learning outcomes for the subjects in the self-directed group ieee 
that changes in role or leadership style of the teacher results in 
different behavior reactions from the pupils. Even such factor as 
intellectual ability may fail to show up as reliable predictors of the 
learning outcomes in such a setting. 

1 Whem a partially teacher-directed setting is used’ as part of 
an instructional program, some types of learners stand to gain more from 
this procedure than others. In terms of mathematics achievement it 
would appear that students who make personal and social adjustment readily 
and are of high reading ability receive the greatest benefit from such 


a treatment. 
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(3) In a teacher-directed setting the most important of the variables 
studied as a predictor of mathematics achievement is intelligence of the 
child. 

(4) Different levels of verbal interaction between pupils and 
teachers, and pupils and pupils, do not appear to produce differences 
in mathematics achievement between boys and girls. 

(5) A setting which is self-directed will not be disadvantageous 
for an impulsive child. He will learn, for the first few weeks at least, 
as well as a reflective child. 

In a partially teacher-directed setting reflective children tend 
to obtain higher scores on an achievement test than impulsive children. 
Reflective children also retain more of the material when it is presented 
in such a setting. 

(6) When independent group work becomes an important part of an 
instructional program, most students appear to adjust easily to such a 
setting. They appear to work eagerly and productively at the tasks 
presented to them. However, an achievement test administered after a 
few weeks of such a program will not be a good indicator of the 
productivity that seems apparent. 

(7) In terms of learning outcomes, formal instruction given to 
a eroun as a whole at the beginning of a class session appears to be of 
little value. 

(8) The ability to predict mathematics achievement on the basis 
of prior knowledge appears to depend on the setting in which mathematics 


is taught. 
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87 
IIT. DISCUSSION AND IMPLICATIONS 


For this study an attempt was made to simulate three different 
settings or three different methods of presenting topics in mathematics 
to three groups of grade-five students. The teachers' roles and the 
role of the pupils in each of the treatments differed. 

Although three distinct settings were used it is probably wrong 
to assume that an elementary school eaeelivsen eit JUSt use one: of these 
methods in his daily work with a group of students. As a teacher changes 
from one subject area to another, or even from one topic to another, he 
would likely use all three of the methods or even a combination of these. 
Even if there exists in the elementary schools today a trend toward 
instruction which is more self-directed for the pupils, the majority of 
the teaching, especially in mathematics, is still done in settings which 
are mainly teacher-directed. 

Results from various studies are available which have investigated 
the relationship between such variables as intellectual ability, socio- 
economic status, reading ability and mathematics achievement in teacher- 
directed settings. Generalization Prentiss results in terms of these 
variables would indicate that there exists a positive relationship 
between them and mathematics learning, but do these reationships change as 
the setting is changed or as the setting becomes more self-directed? 

What is the relationship between personality characteristics and mathematics 
learning for different settings? What are the effects of reflectiveness 
and impulsiveness as the method becomes more self-directed? Will there be 


any differences in performance between boys and girls? 
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This study was carried out to find the answers to the questions 
listed above. However, the discussion which follows must be interpreted 
while keeping the limitations of the study in mind. The reported results 
are based on a four week study, the treatments were assigned to the 
three groups, the three groups differed with respect to most of the 
variables considered here, and the measured learning outcomes are based 
on the scores of one test which was constructed for this purpose. 

in the self-directed setting, the pupils had to extract the 


information that was needed to complete the activities from the written 


pages. In this setting the formal interaction between students fa 
teachers was limited. Some groups of pupils worked two or even three 
class periods without talking to the teachers who were in charge. Some 
of the subjects worked on the activities, completed a set of exercises 
and continued onto the next set without doubting the correctness of their 
approach or work, and the teacher's help or assistance was not requested. 
Other groups of subjects received all the feedback they needed from the 
comparison of their responses with the answers of a group nearby and they 
based the correctness of their work on the degree of agreement of responses 
that existed between the two groups. 

The results for the SD-group seem to indicate that the relationship 
between the variables included in this study and the learning outcomes as 
measured on the Initial Learning Test is interrelated with the role of the 
teacher. Usually a positive relationship exists between intelligence and 
mathematics achievement. Similar relationships have been found between 
socio-economic status and mathematics achievement and between reading 
ability and mathematics achievement. None of these relationships existed 


for the results collected from this group. It seems that when the 
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teacher's authority and direct influence is removed from the tasks to be 
performed, students who usually experience success fail to do so. 

Since the students worked and interacted with each other 
throughout the study it was assumed that measures of personal and social 
adjustment might be related to mathematics achievement in such a setting. 
However, no such relationships existed. The results of the personality 
test could have been used to predict whether some of the subjects were 
able to work in or as part of a group or not, but this prediction in no 
way reflected the way these subjects performed on the achievement test. 

The question, 'What kind of learner is best suited for this kind of 
an approach?" cannot be answered for the subjects in this sample since 
none of the variables included in this study were related to the measured 
learning outcomes. It can be suggested that when students are introduced 
to and work in a setting which is self-directed, for the first few weeks 
at least, variables or pupil characteristics other than those selected 
are related to success. If this suggestion is correct, an awareness of 
this fact by the classroom teacher could be of importance since it may 
prevent him from drawing wrong conclusions. He should keep in mind that 
when he pA Ais from one teaching strategy to another his usually reliable 
method of predicting success for some of his students may no longer be 
valid. The study produced two examples. When the students were assigned 
to groups by the teachers an attempt was made to place a high achiever 
into each group. To the teachers high achiever and high intelligence 
were synonymous. Heavens the assumed relationship did not hold for the 
subjects in this setting and the results the teachers had had in mind did 
not materialize. Implicitly, the students who worked by themselves were 


thought of as subjects who had little chance of completing their tasks as 
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successfully as the remaining subjects. However, the results proved 
otherwise. 

It is interesting to note that no important differences existed 
between the standard deviations of the pretest for the three treatment 
groups (Tables II, X, and XIX). However, the results in Tables VI, XIV 
and XXIII indicate that the standard deviations for the Initial 
Learning and Retention Test were smallest for the SD-group. This seems 
to suggest that a self-directed setting may perhaps produce a uniformity 
of performance when mathematics achievement is considered. 

The teacher's role for the partially teacher-directed setting was 
more defined than for the setting described above. The subjects belonging 
to this group were exposed to two distinct parts for most of their 
mathematics sessions. During the first part, topics were formally 
introduced and a definite sequence of tasks was prescribed to the subjects 
by the teacher. During the second part, the subjects were required to 
WOrVkKeQuiecly instheir groups. As @ result there existed little anter— 
action between the groups. To get a teacher's attention the subjects 
would raise their hands and then wait until some assistance was given. 

Most of the groups waited for some feed-back from one of the teachers 
before they continued with their work. 

When compared to the self-directed group, the teacher in the partially 
teacher-directed setting had a very direct influence on the subjects and 
the tasks that were to be performed by them. This teacher influence 
appears to be directly related to the abilities to make personal and 
social adjustment on the behalf of the students since the learning outcomes 
for the subjects in this group could be predicted on the basis of these two 


variables. Intellectual and reading ability could also be used to predict. 
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the learning outcomes for the subjects in this group. 

If it is true that students of high intellectual ability, high 
ability to make personal adjustment, high ability to make social 
adjustment and high reading ability receive the greatest benefit from 
teacher-directions, then the question about teacher-effectiveness must 
be raised. It has been said that this kind of student will lourvivel 
any method and learn no matter what method is used. How then could or 
should a teacher revise his method to be of maximum benefit for the 
remaining subjects? Could the class be divided into groups and one 
group work in a partially teacher-directed setting or even self-directed 
setting, while the other group receives the benefit of his guidance? 

If the abilities to make personal and social adjustment are related to 
success in a partially teacher-directed setting how would it be 

possible to accommodate subjects who lack feelings of personal and social 
security? The positive relationship between reading ability and the 
learning outcomes leads to further questions. When activities that involve 
the extracting of information by doing a certain amount of reading are 
presented should the subjects who have reading difficulties be grouped 
together and special attention be given to them? Or should an attempt 

be made to place only one of these subjects into a group so that this 
student can benefit from the reading skills the other members of the 

group possess? Finally, the intercorrelations listed in Table XVI 

(p. 62) show that there exists a significant relationship between intellectual 
ability and the variables labelled personal adjustment, social adjustment 
and reading. Do these variables represent different abilities or pupil 


characteristics or are they only different labels for the same thing? 
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The SD-group and the PTD~group came from the same school. The 
different classes in these groups were made up at the beginning of the 
school year and, according to the teachers, there was no reason to 
suspect that there existed any difference between the treatment groups 
with respect to the variables considered in this study. The means for 
these variables listed in Tables ELD oiv  kibpand) Si winecaapeer thnec 
give some indication as to the make-up of the two groups. The personality 
test means for the two groups were about the same. However, for the 
remaining variables, intelligence, reading and socio-economic status, 
the means for the SD-group were lower. The greatest difference in means 
existed for socio-economic status. The means for the Initial Learning and 
Retention Test, which are shown in Tables VI, VII, XIV and XV, suggest 
that at the end of the study no important differences existed between the 
SD-group and the PTD-group. This result seems to imply that the teacher 
responsibilities and tasks characteristic of the PTD-group did not 
constitute important factors which contributed to the learning outcomes 
of the group. The most importent task the teachers in this group had was 
Phestormads introduction of a topic to the group as a whole. If it is true 
that this procedure does not contribute to the learning outcomes of 4 
group, then which of the daily tasks a teacher performs in a classroom 
does? Prepay, the assistance given to an individual is the most 
valuable contribution a teacher can make. If students are working in 
groups, then it could be that individualization of instruction within 
groups or the direct assistance given to an individual in the group is more 


important than addressing a group as a whole. 
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The setting for the third group was purely teacher-directed. 

The teacher in charge of this group outlined the tasks that were to be 
performed by the individuals in this group and there existed little inter- 
action between the subjects. All of the questions raised were directed 
toward the teacher and the replies given usually concerned only one 
individual member of the group. At times two or three subjects who sat 
close together would participate in the same conversation with the teacher. 
Sometimes two subjects would get together and exchange ideas or talk 

about something they had done or completed. 

The TD-subjects were selected from a different school and this 
school was located in a different area of the city. On the basis of the 
means for the variables which were considered in this study, it can be 
concluded that the subjects in this group are representative of a 
population that is quite different than the population for the SD-and the 
PTD-subjects. The means of all the variables for the TD-subjects (Tables 
XX and XXI) were higher than the means of these variables for the other 
two groups. This was also the case for the means on the Initial 
Learning and Retention Test. 

The positive relationship that existed between intellectual 
ability and the Initial Learning and Retention Test scores for the 
stpyeees in this treatment is in agreement with the results of many 
other studies which have reported findings on mathematics achievement 
and intelligence in teacher-directed settings. Since the subjects who 
had the highest IQ tended to get the highest scores on the Initial 
Learning Test, at least two important questions could be raised. How could 
a teacher change his approach or method in order to be just as effective 


for the students of lower intelligence? Would the students of higher 
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intelligence do just as well in a setting that is less teacher-directed? 
If the latter is true, then the teacher could spend more time with the 
pupils who would benefit more from his added attention. 

Since this group was very different from the SD-and PTD-group 
with FA HeCE to the variables considered, it would be interesting to 
know nee Seon a group would fare in a self-directed or partially teacher- 
directed setting and what the relationship between the pupil 


characteristics and the learning outcomes would be. 


III. COMMENTS AND SUGGESTIONS FOR FURTHER RESEARCH 


Ke a result of the findings reported in this study and the 
observations carried out during the study many questions arise. Some of 
them have been stated in the preceding section, others are presented 
below. These questions are about the learners who took part in the study, 
the content that “20s presented to the subjects, and the teachers who 
participated. 

The subjects in the self-directed and the partially teacher-directed 
treatments worked in groups. Some of these subjects freely exchanged | 
ideas with each other and seemed to work well together while solving the 
tasks presented to them. Others contributed little to the group and were 
only interested in keeping up. In doing so, they copied what the other 
members of the group had recorded. A few individuals preferred to work by 
themselves and these pupils generally received low scores on the 
California Test of Personality, especially on the subtest which dealt 
with social adjustment. However, on the basis of the variables included 


in the study the subjects who helped in creating a favorable group 
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setting could not be identified. What specific characteristics do these 
pupils possess? How do they differ from the subjects who contribute 
Piette to the group? 

Most of the questions that were posed to the teachers by the 
students were interpretive and they dealt with specific details such as 
"If there is not a blank, should we answer the question?" and "Is it 
alright if we do this in such a way?" It appeared that the groups that 
were busy and working well together did not ask these kinds of questions, 
and if they did they decided on a course of action without consulting 
the teachers. Yet, they appeared to ask each other questions. However, 
anytime an adult approached them, the process of fluent interaction 
seemed to be somewhat enremrupeed and unnatural. What kind of questions 
were asked in such a group? What kind of questions or exchanges of 
ideas did take place to make a group function as well? How did these 
subjects interact? How does the pattern of interaction differ from that 
of a group that does not seem to make any progress or function smoothly? 

The Matching Familiar Figures Test makes possible the 
classification of students as impulsive or reflective. ateaiae the 
administration of the test few or no differences existed between students 
who reacted quickly to the stimuli presented to them. However, the 
pupils oR. took their time in solving the problems presented to them used 
different methods. Some of them glanced quickly over the pictures to 
find the correct one and repeated this process several times. Others 
looked back and forth, eliminated one picture at a time, and classified 
it as correct or incorrect. A few subjects solved the problem of finding 
the correct picture by looking at the stimulus only once. Some of the 


pupils did not identify the correct picture until they had found some- 
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thing wrong with the remaining pictures in the set, whereas others did 
not continue once they had identified a picture as the correct one. 

Why do these differences in approaches exist? Where do they originate? 
Are these differences related to perception or memory? Do these 
differences result in different ways or methods of approaching a problem 
that is presented in the mathematics classroom? How do impulsive and 
reflective students differ in their daily classroom behavior? How do 
they differ in their behavior as part of a group? 

Various comments made by the subjects of the teacher-directed 
group indicated that many of these subjects enjoyed doing the activities 
and exercises which were presented to them during the study. Some of 
them 'liked' them because they were different than the textbook, others 
stated that they 'liked' talking about different things (topics). It 
is true that in the elementary school today many teachers teach 
mathematics even though it is not their major field. Some of them teach 
it not because they want to but because they have to. For these teachers 
the textbook becomes the mathematics course and their students are taken 
through the book almost page by page. Listening to these children 
raised the question whether the textbook format itself might not have a 
direct relationship on attitudes towards mathematics. Could it be that 
following an almost identical format of mathematics learning year after 
year creates a negative attitude toward the subject? Does the attitude 
toward mathematics change when students use a number of textbooks? Does 


the attitude toward mathematics differ when students do not use a text- 


book at all? 
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Since a measure of attitudes was not included in this study, some 
obvious questions should be asked. What effect, if any, does a self- 
directed or partially teacher-directed program have on the attitudes of 
the subjects toward mathematics? Does the teacher or the type of material 
have a more direct influence on the attitudes toward mathematics? Can 
attitudes in students be changed by providing different settings? 

At times the subjects in the self-directed and the partially 
teacher-directed groups were faced with questions that were intended to 
create a discussion. Some of the questions involved a comparison of 
answers and often these questions were included with the hope that they 
might result in a lively discussion or even an argument. However, when 
various individuals came across such a situation, or when they were 
faced with a question that did not have a blank to be filled in after it, 
they thought®an error had) occurred.’ For these’ children, questions that 
resulted in that kind of interaction were not for the mathematics class- 
room. What part of our mathematics teaching or what part of our 
mathematics program results in this kind of rigidity? How would the 
materials or the methods have to be changed to overcome this? 

Throughout any one given day an elementary school teacher uses 
many different methods of teaching. However, these different methods 
seem to be associated with different subject areas. For example, many 
consider that experiments are for science, research and collecting data 
are for social studies, creativity is a part of the art program and 
individual tasks and performances are part of the new physical 
education program. Various subjects make use of a combination of these 
methods. When it comes to mathematics, teachers often express a feeling 


of uneasiness when methods other than the textbook - way are suggested. 
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Some teachers feel that mathematics can only be learned in a setting 
which is rigid and organized. What kind of teacher - education 
courses, and what kind of inservice education would be needed to help 
teachers try new approaches to the teaching of mathematics? What kind 
of setting at the college or university level would result in positive 
transfer? 

Three different groups and three different settings were used in 
this study. These groups differed with respect to many of the 
variables which were considered. The subjects of the teacher-directed 
group came from an area of high socic-economic status and their mean 
intelligence was higher than the intelligence means for the other two groups. 
How would these subjects react to a self-directed setting? What would the 
learning outcomes be for these subjects? 

Three different treatments were used as part of the study. Is 
one of the treatments more effective than another? Is the effectiveness 
of a method related to specific topics which are to be considered? Is 
one of these methods more effective for one age group than another? 

The results from the self-directed group seem to indicate that 
when students work in such a setting, for the first few weeks at least, 
pupil characteristics other than those selected for this study are 
Beye ciers success. What is the nature of the characteristics that may 
be related to success? What would be the relationship between the 
variables considered in this study and the learning outcomes if students 
are subjected to a self-directed setting over a long period of time? 

Additional studies are required to determine the influence of 


particular learner, teacher, content and environmental characteristics 


on different modes of instruction. 
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INITIAL LEARNING AND RETENTION TEST 


School 


Name 


Directions 

Read each question carefully and decide which of the four answers 
is the correct answer. Write the letter for this answer on the answer 
sheet beside the corresponding question number. 

Do mot write on the test. 


Attempt all of the items. 


Sample Items 
I. Which of the following numbers has the largest value? 


yp yee! by) (i9 ey 35 Oke la: 


II. Which sign means add? 


a) - 
b) + 
Cc) > x 


d) + 
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2). 


a) 


4). 


Dre 


6). 


Lae 


In the\numeral 12.2 the value of the 2 in the ones! place is: 


a) 100 times the val 
b) 10 times the valu 
€) Of the value o 


10 
d) the same as the v 


Which row bas .6 of i 


ue of the 2 in the tenths' place 
e of the 2 in the tenths' place 
f the 2 in the tenths" place 


alue of the 2 in the tenths' place 


ts objects shaded? 
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If you changed 3.20 to tenths, how many tenths would there be? 


a) eee b)-30 c) 


oy Penn f (4,1) is the number pair [or the pointes, 
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A figure drawn on an 

CIF, 2) (5,5) and 


A) esweeebpadec) 5 
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(1,5). How many sides does the figure have? 


d) 6 


If the unit measure is square A, how many units are contained in 


AT] Y 5 


a) 94 units by oo 


Consider the array: 


What number is 
meant when we 
write 74/4_,? 


Ses ae) ao OC) 


figure 5B? 
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c) 
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os, If the distance between contour lines is 
50 feet, the height of the hill shown 
YOo) 
would be: 
exactly 200 feet 
more than 2900 feet 


less than 200 feet 


100 feet 


Onsasmap;, the Representative Miactions or R.F. 18 1:31.400; This means that: 


a) 
b) 
c) 


d) 


a) 


1 inch on the map is 31,400 inches on the earth 
1 foot on the map is 31,400 feet on the earth 
1 mile on the map is 31,400 miles on the earth 


1 inch on the map is 31,400 miles on the earth 


The points in the interior region of the 
closed curve shown are: 


a)i9 tA candes 


b) BandcC 
¢) Band D 
dr A candsG 


How many segments are there in the network shown? 


6 b) 3 ey) os. d) 4 


If two dice are rolled and the two numbers showing are added, how many 


different sums are possible? 


a) 


iui by? 22 C) paz d) 10 
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13). If two dice are rolled a large number of times and the two numbers 
showing are added each time, which prediction would best describe the 
outcomes? 

a) Each possible sum would occur about one-sixth of the time. 
b) Each possible sum occurs exactly the same number of times. 
c) The sum of 7 will appear more often than any other sum. 


d)i The sum of 2 will appear less often than the sum of 12. 
PART B 


14). Another way to express .402 is: 
aa 4 te 2 
by? (Axe le ee 00 
C)) 44 ee 
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15) What would be the effect if you dropped the zero from 3.90? 
a) The number would have the same value. 
b) The number would be one-tenths as large. 
c) The number would be ten times as large. 


d) The number would be a hundred times as large. 


16). If, on an array, you join the points (151) (5,5) and (10,10) the 


result would be a 


a) triangle b) square 
c) line segment d) ‘closed curve 
LW Sie eae Tf the distance from point A to point B is one unit, 


then the shortest distance from (3,2) to point (742) 


eco e © would be: 
A B 


ay yunite) vib) 4 units, <Cc)- 3 .units dae lOrunLts 
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20). 
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22 < 


23)", 


dint 


How should the decimal nine and thirteen-tenths be written? 


a) 


Dipeub) 


LOS Cc). 09 


aks 


dP 459 183 


The area of the region ABCDEFG is: 


A 


On a map the scale shown is: 


G 
F 
E 


ir : 


B 
C 


unit 


two towns is 3.5 inches. 


a) 


a) 
b) 
c) 


d) 


5 units 


6 units 


7 units 


more than 7 units 


If you plan to hike from A to B you would 


have to climb: 


a) 
b) 
c} 
d) 


two peaks 


three peaks 


four peaks 


more then four peaks 


"Tanch) ito 2) miless. 


The distance between 


How far apart are the towns? 


3.5 miles b) 2 miles 


c) 


6 miles d) 


7 miles 


If you multiply 8 x 45 and write the partial products as 32 and 40, then 


the 32 represents: 


a) 
b) 
c) 


d) 


3 tens and 2 ones 


3 hundreds and 2 tens 


32 ones 


3 thousands and 2 hundreds 


The product 


a) 
b) 
c) 


d) 


25 ones 


25 ones 


25 tens 


25 tens 


Oo x D0: 13% 
and 3 ones 
and 30 ones 
ang 9.tens 


and 30 tens 
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24). “Ihe problem .5 x .3 can be thought of as one~half of three-tenths. 
If you multiply these decimal fractions what would the answer be? 


a) eL. 5 ON ae ee 2015 a) Pareto 


oj) fe you change 720 to.a fraction with numerator 1 you will get: 


jy ee yy al oleae dee 


26). Which decimal fraction has the smallest value: 


a) .050 bye. 500 €)" 05005 de 05550 


OE If the number pair (2,1) is assigned to the 


square labelled A, what number pair should be 


assigned to the square labelled B? 


Bene) (454): "26h £455) 0 ede Gaaey 


Zo). If you subtract 2.4 from 71 your answer will be: 


a) 68.6 D) 69)..6: Gye 2407 d)i 73.4 


290% e The steepest slope of the hill 


shown is on the: 


<=) a) north side b) south side 


c) east side d) west side 


30). If two coins are flipped a large number of times, which prediction 
would best describe the outcomes? 
a) The outcome 2 heads occurred most often. 
b) The outcome 2 tails occurred most often. 
c) The outcome 1 head and 1 tail occurred most often. 
d) The outcomes: 2 heads; 2 taiie. Lenead ang tars occurred 


the same number of. times. 
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TEST OF PERSONALITY 
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DEFINITIONS OF THE COMPONENTS 


PERSONAL ADJUSTMENT 

1A. Self-reliance--An individual may be said to be self-reliant when his 
overt actions indicate that he can do things independently of others, depend 
upon himself in various situations, and direct his own activities. The 
self-reliant person is also characteristically stable emotionally, and 


responsible in his behavior. 


1B. Sense of Personal Worth-~~An individual possesses a sense of being 
worthy when he feels he is well regarded by others, when he feels that 
others have faith in his future success, and when he believes that he has 
average or better than average ability. To feel worthy means to feel 


capable and reasonably attractive. 


1C. Sense of Personal Freedom--An individual enjoys a sense of freedom 
when he is permitted to have a reasonable share in the determination of his 
conduct and in setting the general policies that shall govern his life. 
Desirable freedom includes permission to choose one's own friends and to 


have at least a little spending money. 


1D. Feeling of Belonging--An individual feels that he belongs when he 
enjoys the love of his family, the well-wishes of good friends, and a 
cordial relationship with people in general. Such a person will as a rule 
get along well with his teachers or employers and usually feels proud of 


his school or place of business. 


JE. Freedom from Withdrawing Tendencies--The individual who is said to 
withdraw is the one who substitutes the joys of a fantasy world for actual 
successes in real life. Such a person is characteristically sensitive, lonely, 


and given to self-concern. Normal adjustment is characterized by reasonable 
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freedom from these tendencies, 


IF. Freedom from Nervous Symptoms--The individual who is classified as 
having nervous symptoms is the one who suffers from one or more of a 
variety of physical symptoms such as loss of appetite, frequent eye strain, 
inability to sleep, or a tendency to be chronically tired. People of ee 


kind may be exhibiting physical expressions of emotional conflicts. 


Social Adjustment 


2A. Social Standards--The individual who recognizes desirable social 
standards is the one who has come to understand the rights of others and 
who appreciates the necessity of subordinating certain desires to the 
needs of the group. Such an individual understands what is regarded as 


being right or wrong. 


2B. Social Skills--An individual may be said to be socially skillful or 
effective when he shows a liking for people, when he inconveniences himself 
to be of assistance to them, and when he is diplomatic in his dealings 
with both friends and strangers. The socially skillful person subordinates 
his or her egoistic tendencies in favor of interest in the problems and 


activities of his associates. 


2C. Freedom from Anti-Social Tendencies--An individual would normally be 
regarded as anti-social when he is given to bullying, frequent quarreling, 
disobedience, and destructiveness to property. The anti-social person is 
the one who endeavors to get his satisfactions in ways that are damaging. 


and unfair to others. Normal adjustment is characterized by reasonable 


freedom from these tendencies. 
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2D. Family Relations--The individual who exhibits desirable family 
relationships is the one who feels that he is loved and well treated at 
home, and who has a sense of security and self respect in connection with 
the various members of his family. Superior family relations also include 


Pacencal control that is|neither too strict nor too lenient. 


2E. School Relations--The student who is satisfactorily adjusted to his 
school is the one who.feels that his teachers like him,who enjoys being 
with other students, and who finds the school work adapted to his level 
of interest and maturity. Good school relations involve the feeling on 
the part of the student that he counts for something in the life of the 


aNSELCUCLON, 


2F. Community Relations--The individual who may be said to be making 
good adjustments in his community is the one who mingles happily with his 
neighbors, who takes pride in community improvements, and who is tolerant 
in dealing with both strangers and foreigners. Satisfactory community 
relations include as well the disposition to be respectful of laws and of 


regulations pertaining to the general welfare. 
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DISCOVERING DECIMALS 

Fractions, or fractional numbers, are usually written with two symbols. 
For example a three (3) and a four (4) can be used to write 7 (three-fourths) . 
However, fractions can also be written in a different way, called decimal 
fractions, As you look at the following example, try to think of a reason for 
giving them this name. 

Near the speedometer on your dad's car is the odometer which indicates 


how many miles the car has travelled. 


Speedometer 


Odometer 


Pale [0] 5 v3 


Let's pretend the odometer on your dad's car shows these numerals. If you ask 


your dad to read this numeral he might say, "Twelve thousand, six hundred and 
five point three miles" or "Twelve thousand, six hundred five and three-tenths 


miles". On a piece of paper he would write: 


12, 6051.3 somull2.6052: 
10 


Both numerals mean the same thing. For the first. one he used a point - 
called a decimal point - to separate the whole numbers and the fractional numbers. 


Write decimal fractions for: 


1. The next number to appear on the mea 
LL 


odometer above 
2. The largest number that can appear 


ae Zs 
on the odometer a ee a 


3. The smallest number that can appear 
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4, The number that would appear after 


driving twelve-thousand, six-hundred elie las le slim ows 


eight and seven tenths miles 


Why do you think they are called decimal fractions? (Compare your answer 


with a friend. Do you both agree?) 


I. Decimal Explorations: ee a 


(1) Imagine that the line shown above is a road. The distance between 


two adjacent points is exactly one tenth (.1 or Fy of a mile. 


The car travellin olor 2 lets i] his road is fairly new the its odometer 


shows or 283.2 miles. 


Write a decimal fraction for the odometer reading after the car 


has passed points: 
(a) (b) (c) 
(d) (e) 


What would the odometer reading be when it arrives at point B? 


Make up similar problems for a very old car and a new car and let 


one of your friends give the answers. 
*(2) Take a piece of rope or string (about an arm's length) and divide 


it into ten equal pieces. Mark your points of division with tape 


or crayon. 
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Get together with a friend. Use the length of the string as a unit 


of measurement. Take turns to estimate the distance between two 


points to the nearest tenth. Write down your estimates in decimal 


fractions and then measure the distance to see who gave the best 


estimate. 


ESTIMATES: MEASUREMENTS : 


Yours Friend's 


Your desk to his desk: 


Your desk to the door: 


His desk to the door: 


The door to a window: 


————— _— ——— 
—— 


@)  pivide this Square into ten equal pieces so that 


each piece is .l1 or 7 of the whole square, 


a. 


Shade three of the pieces blue. 

What part of the whole square 

is blue? Write the answer 

as a decimal fraction, . a ee 


Shade five of the pieces red, 
Write a decimal fraction 
for the wed part: 


Write a decimal fraction for 
the red and blue parts 
together. 


Compare your answers for parts a, b, 
and caywita a friend: 


d. 


Imagine the figures (see p. 4) are taken from, or cut out of 
the square above. Estimate how many tenths each figure is 
of the whole square. Write your estimate as a decimal 


fraction. 


To get the measurements trace the figures or cut them out 
and fit them onto the square. (You may cut and reshape 
the figures if necessary). Compete with a friend to see 
who can give the best estimate. 
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You have probably used and written decimal fractions. Look at the example 


below. It is probably familiar to you. 


Joe's amount can be written as 23 cents of 23¢ or $ .23 or 23 of a dollar. 
100 


Sue's amount can. be written as: 5 cents. or 5¢ or S).05 ox 2 Of a doilark 


100 
(1) Take 100 pennies (or counters and pretend they are pennies). Write 
decimal fractions for: 
a. One handful of pennies 
b. Another handful of pennies 
¢. ‘The two handfuls of pennies 
d. One of the pennies 
e. All of the pennies 
f. Suppose you have 26 pennies or $ .26 
What part of a dollar does the 2 represent? 


What part of a dollar does the 6 represent? 
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(2) Beside each letter below (a to h) a pair of decimal fractions 
is written. Decide which one is larger and draw a circle 
around it. Explain to your friend why you think it is larger. 


Do you both agree? (You could pretend they represent money). 
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bET. Dividesthis square nto one hundred equal-pteces:-Then ‘cach piece wiht 


represent .01 or Ss of the whole square. 
100 


(1) Shade 13 of the pieces blue. What part of the square is 


blue? Write the answer as a decimal fraction. 


—_ 


How would you read this decimal fraction? 


(2) ‘Shade-27 of the pieces red. What fraction of the square is 


red? 


How would you read this decimal fraction? 
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(3) What fraction of the square is blue and red? 


(4) Read the following decimal fractions. Use other colors to 


shade the parts of the squares expressed by the following 


decimal fractions: 
C2) 205 Co ee re2 0 ep) call (d)s 99 (e) .50 

(5) Imagine that the figures drawn below are taken, or cut out of 
the square above. Estimate how many hundredths each figure is of 
the whole square and write a decimal fraction. Find the best 
answer by tracing the figures, or cutting them out, and fitting 


them onto the square. 


Compete with a friend to see who can give the best estimate. 
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Measured 
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*IV Divide this square into one 


hundred equal pieces. Ss soe a 


St eee ee ee ee ee eee eee 
(1) What part of the whole square above is each letter (see page 8). 
Write your answers in decimal fractions to the nearest hundredth. 


Use any way you like to find the answers, 


(2) Join any of the letters to make up words. Then determine what 
part of the whole square each word is. Check you answer by 


adding the decimal fractions. 
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Can you make up a little decimal game to play with one of your friends? 


126 
V. ROLLING DECIMALS 


Materials: Ten or more little blocks 
Pencil and paper 
A piece of paper or cardboard, 9 inches by 6 inches, 


divided into three equal pieces: 


Ones or Hundredths 
sega Units 
ae ee 
Pass; 
The 7 
=e 


(1) Get together with one or two of your friends. Ask each to 
bring a pencil and paper. Place the marked paper or cardboard 


on a table or on the floor. 


To begin, take ten blocks and roll them out on the marked piece of 
paper. As soon as they are rolled, cover them up with a large 
sheet of paper. Then each one writes down an estimate of the 
number the blocks now represent, if each block represents 1 in 

the units part, .1 in the tenths part, and .Q1 in the hundredths 
part. To see who gave the best estimate, remove the paper, check 


the blocks on the different parts, and make a count. Devise a 


way of keeping score. 


Once you are familiar with the game, play it with more than ten blocks. Then 


you may have to regroup to give the correct number. 
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(2) Use the paper and the blocks as an adding machine. Roll five 
blocks. Record the number they represent. Remove the blocks 
and roll five more. Record this number. Calculate the sum of 


the two numbers. Use the blocks to check your answer, 
Use the blocks and try to solve the following equations: 


(ayer. 24 63° N Cb). 9a 43 


iH} 
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N= Nie 


————__— 


COME 262, +3001 = IN (COM Seas 88) 
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N = Ne 
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(3) How would you solve the equations: 


(a). 3) xoe2e=an and (b) yoSrxe st StesNy 2 


i) See a eee 
i 


s da 4 [ an eines wee af > & 1a aoe Orv if ) ) iL 2 i | ie ie { 
ci ctl ee le ae 7 @ 7 7 : 
eal el { > 2@ib i wecoTyo?s quid Y of) u9o8 . ctnald 

_ , i Ms F ' : we) - 


te wa oF. aged >! , tees eo yao? wy)? Dios Bek. “> 
| ; vi ie vr - 
a ie i ; is : ” re | ola 'S 


” 7 ie 


a a 
al and” 7 


128 
NUMBER PAIRS 


( 5 ) On the £irst Jine write your weight to the nearest 


pound. On the second line write your height to the nearest inch. (If you 
do not know your exact weight and height, take a guess.) 

You have written two numbers, or a Number Pair. Two things are 
important about such a Number Pair: - the order in which the numbers are 
written, and the meaning of each one. Look at the number pair your friend 
has written. Do you know his weight and height? How do you know? 

There are all kinds of interesting things that can be done with 
number pairs. Try some of these: 


1). Number Pairs Can be used to write dates: 
(day of the month, number of the month) 


Write: today's date ( he ) yesterday's date ( ; ee) 
tomorrow's date ( ss he) YOUTsDivehdaya( Res, 

2). Number Pairs can be used to compare two different groups: 

Write a number pair for: 

a. the number of boys and the number of girls in one row, 

b. the number of boys and the number of girls in your room. 

( ; ) 

3). Number Pairs can be used to write riddles. 

Por example: (25,3).-—3.6. The two numbers of the pair have been 


multiplied to get 6. 
Can you figure out what has been done to the members of each 
number pair? 


Berk ( 530) pockl 
b. (8,3) —»5 
Cre (12,4) —»- 3 


*4), Write some Number Pair Riddles of your own and let your friend 


inyeto solve them. 
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>) Lamiecisoreche wittie Squares can be referred to by a number pair. 


5) 
4 
Rows S 
2 
AI 
1 Zz 3 4 2) 
Columns 


The square with the X could be called (5,4). 
What does the 5 of the number pair refer to? 


What does the 4 of the number pair refer to? 


Using the same notation, what number pair names would you give to these 
squares? 


LX. Pe DG es G ’ 
H K N 
Q Reg. Iie ale Y 

6). a. Draw a circle inside each of the squares for which the same numbers 


are used. For example: (1,1) 


b. Draw a triangle inside each of the squares for which the second 
number is twice the first one, 


*e,. Color red the squares that have two even numbers, 


kd, Color blue the squares indicated by two odd numbers. 


Compare your answers for questions 5 and 6 with a friend. 
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Treasure Hunt 


Four treasures have been hidden. They can be located by following 


these directions: 


(a). Make a dot in the middle of the following squares: 
(2.0). Gog Cay ane Ce?) 


With a straight - edge (ruler) join the dots in: 
(Gat yoand Cit )s Chau nicmd)s C7 aA) tandtnoey 
(So. ijuand) (3,4). This*ticure as/called a 


(b). Make a dot in the middle of the following squares: 
(E54) (5.0)% ,and (5.1). 
With a straight edge join the dots in: 
Ci A)s Varitdie( Oo) so) onde Gorm) srt, Lye anc eG es 
This fissure: is..cal led. a ‘i. 
(c).. The treasure is hidden where a line drawn in (a) crosses a line 
drawn cin Gb)’. 


The number pairs for these squares are; 


( 5 sme , Jy, ERK , yi) and #( ) ). 
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1). Here is a map of a zoo: 


(a). One day someone left all the gates open and all the animals 
escaped. The zoo - keeper and his helpers rounded them all 
up and returned them to their cages. 


Write the number pairs that locate the cages for the: 
Bears ( ee atic ( : ) Monkeys ( : pee t : 


Lions) ( ‘ )} and ( eo) Elephant (Caeee es ( 5 


Deer eae ok) 

Zepra- se) 
Write number pairs for: 
(b). The place where popeorn could be bought ( , (+). 
(c) ihe Wocation@or the cate ea) 


(d). The location of the pond ( Ay ep ecissh GD es 


(e). How many number pairs would you have to write for the 
sidewalk that had to be swept after closing? 
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*2). The map below is divided into squares. From the information given 


draw in the following: 


(a). A raver 'flows through the middle of (1,3) (273) 1@.3) 
(293 ed tO., (5.5) 3. euros NOrth Into. (> 4)e ono 5.66) 
andeLurns, €ast Into (6,60) and, (7.6). 


(b). -A sports ¢enter is located an (1,6) £0147) (2,6) and 
(2,7). The football field runs east and west and 
the goals are in (1,7) and (2,7). The baseball 
diamond can be found in (2,6) and the swimming pool 
fae OG 


(c). Most people live in the south eastern corner. There is a church 
Ine ie) cand -arschook ine C5. 2). 


(d). A straight road runs from the middle of (5,1) to the middle of 
(1,5). Where would the bridge across the river have to be? 


— 


(e). A straight railroad track runs from the middle of (4,1) through 
the middle of (5,7). In which square does the tatalroad bridge 
cross the road? 


(f\a sok swamp. is Locatedkias(l,1) (1,;2))° (2,1) anda C2) 


(2). eA small dake witha lot of trees*around it can besfound@in 
C425) sand) (4,6): 


(h). Some hills can be found in (7,3) (7,4) and (7,5). 
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MORE NUMBER PAIRS 


Instead of using squares,let's assign a number name to each dot 


of the array shown, 


DotA we will-call (1,1) because 


fees in column. 7 and row 1, G ° e e 
Dot Bawemwilh cald (2,1)> because 
it is in column 2 and row 1 Rows ; ‘ ; ; 
1). Using the same notation, . z oF oe 
what number names would you give to 
e °?D e eR 
the posts labelled: 
Ber os, ) D(C. Street) ines oBetpseC ace 
E ON 69 ed) F aa Colums 
Co gk , ) Hae , ) 


2). For how many dots on the array are the first and last part of 
the number name the same? For example Ci8) 
Do these dots make a pattern? ms eae 
3). For how many dots is the sum of the two parts of the number 
name equal to six? : 
*4). For how many dots on the array are both parts of the number 
name a. even? bi @iodd.? 


*5), For how many dots on the array is the first part of the number 


name twice as large as the second part of the name? 
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DISTANCE AND NUMBER PAIRS 


Let's pretend the columns and rows on the array-are City Streets Cale 


the distance between any two dots on a street one Cl tyebDloch, 


Sets) Wee te Ty SS eS 
| j \ 


| 
piblock | fl block 


| | 
| | \ ! 
Streets \ |) Payee Giga ae Sa eo 
| | I ! \ 
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i ! | | } 
| I J I | 
1A ' B ' UG 
‘i Sen fe wperedad Resets A C15 
SETeeers 
1). Look at the array. Pretend you are walking from street corner A 


to street corner B. To get from A to B you could take many different routes. 


What is the’shortest distance in blocks from A to B? 


The number name for street corner A is: ( P ) 


S oehentemeantaned 


ihegnumber name forjstreet cornes Biss a) 
Gan you. find a way of telling the distance of the shortest rouce from 
A to B by making a calculation from the number names for A and B? (Hint: 
B is 2 blocks east of A. How does this show in the number name?) 
How did you do it? Explain it to a friend. 


Pee Let lsowalk«fromsA stoycornersC, 


The number name for A is: ( ; ) 


The number name for Cis: ( a, 
Can you work out how many blocks the shortest route from A to C is by 


using the number names for A and C? Take a guess and check your answer. 


Did you guess correctly? 
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3). Try your method for other routes, 
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looking at the number names. Check your guess on the array. 


iS) 


Guess the shortest route by 


Check 
_blocks 


blocks 


EPLOMCOLMers: Guess 
CeoCr Mors he Cs. ete) ____ blocks 
ABCOPERS aCe a rae Te Cee Mae og) fF Ablocks 
Brome Oy Grey een yey seen) ee 
A=to-H CC Pee ey ee) cle eee 
Cato cris Cis fa) ae <eveess eae emia 2 
Did you find a way of guessing the shortest distance that always 
works? 
Compare your answer with a friend. 
* Make up two questions of your own and let your friend try to answer 


them. 
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FIGURES 


Talk about the following questions with a friend and figure out 


the answers. 
Look at the figures shown on array A. Can you 


1) 
find two things these three figures have in 
e common? What are they? 
een Ne 
2). Draw a four - sided figure on one ee om 
array B. Do you know a name for ie cee 


this figure? Can you draw another : 


4 - sided figure that looks different? 


3). On array C, draw a three - sided lee mrt 
figure. Do you know a name for this see ion ' fe 
figure? Can you draw another 3-sided 


ficeure that looks different? 


bye BOW array D, try ‘ko.draw aesix-sided? @. eco. 
figure. Can you think of anything that 


looks like the figure you have drawn? Try . 
Aa 9 
to draw a figure with more than six sides. 


5). “A drawn figure touches only ‘the dots (351) (233) "and . Fee 


(4,4). Try to draw this figure. How many sides does the : 
figure have? wes 
6). A figure touches only the dots clam Ge). (3,3): and 


(4,2). Guess how many sides the figure has: . Pe te te 


Draw the figure and check your guess. 2 OR 
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FIGURES AND FENCES 


Let's pretend each of the dots on the array is.a fence poste bP iLet‘s 
call the distance between any two posts in a column or row isspace and use 
number pairs as you did on the previous pages. 

1). Build a fence by drawing on array A a ve Sep “Cee? bane 


dine around the posts (4,4) (4,5) (5,4) and oa 72> space 


(5,5). Pretend the inside or Interior vor this 


@ e ° e e 
figure’ is a garden. How long is the fence a- 


@ eo e e © 


round the garden? spaces, -A- 


2). Another garden has a fence around the following 


Cormier sposts, (4.3) (4.5) (5,3) (5.5).  Drawsthis 

garden on array B. How long is the fence around this Ar 

Sarcene spaces. toe : 

rs ae ee 
eaetiies Piss. A larger garden has a fence around the posts 
(4,2) C455) (552) and. G5). draw sthis=cerden 


on array C. How long is the fence for this 


garden? 


4). All these gardens (Questions 1 to 3) wanecelocated in columns 4 and)5. 
One more garden that is even larger than the last one can be drawn in these 


two columns. Name the four corner posts for this garden. 


(geet ee.) yD ee Gee ete Lda ee 
length of the fence around this garden: wash a 
ar ae 


Draw this garden on array D and check your guess. 
5)..4 Use. anyepart-of ,array E. Draw fences only along the rows and columns 
and see how many different shaped gardens you can draw that 


have a fence exactly 12 spaces long. Compare your answers 


with a friend, eg ee 
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You have drawn fences around gardens. Now let's look 


° ® 
at the inside or interior of the gardens. Let's call the . 
A 
size (area) of garden A "1 square", | 
® ® 


e 
t) 
2 4 


1). If the area of garden A is one square, what would the area of 


garden B be? - How do you know? 


Pye puook. at the gardens C, D, and E.| Can 
you find one thing these three gardens have 


in common? 
E A 


How do you know? 


oO) On arrays A and B, draw as many 
Ne tea in) ae gardens as you can with an area Ae a 
; of 5 squares. Compare your fi ; 
answer with a friend and prove : 

Rata to him that your gardens have Teor 
an area of 5 squares. 

A On arrays C and D, draw as many 
Ses Soe. gardens as you can with an area Hp emer SS 
' of 8 squares. Compare answers é 
; and prove to your friend that - ;: 


your garden has an area of 8 squares,- D - 
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Se sOnvarray ©. try to draw gardens that have an area of: Pins ate ere 
a. 1% squares ; 
oO): b. 5 squares i eae 
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Compare and dicciuce vour answerc. M 
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HOW MANY SQUARES? 


Try to find the area for the figures shown on this page. Compare 


answers and explain how you found your answer. 


_. Squares 


* Draw some figures of your own. Have a friend find the area for 


these figures. 
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AREA AND FENCE POSTS 


140 
Cowboy Pete had a very Strange corral. It had fence posts 


arranged in an array like this: 


e e ° e Cy a ke oto ee 
° e e eo ° e e e @ ce 
o e e e © s © e © © 
Pete could fence off sections en ier mere ket 
simply by wrapping a rope around the ne gage: 
posts. o 8 e © Or) ore © «ome 
@ @ e e e 6 é € e e 
One day he decided to fence off 
€otrals that had one post in the ee TE MG VOSS Sa ie ee fy 
interior or inside: 


er 


1). For corrals A, B, and C count the number of fenceposts. 


Figure out the area for each one and record your results in the table. 


Corral Number of Posts Area ('squares") 


2). Suppose you were to fence off a similar corral with 7 fence posts. Guess 


the area of the corral: squares. Draw the corral on the array above 
and check your guess. Record your result. 


Guess the areas of corrals that are fenced off with 8, or 9, or 3 fence 


posts. Check your guess. Compare and record your results. 


i. ‘or Soq @5°07 BAT 35  . See pen i ak lal Be inset A chen 8 
; f 7 vi ’ * e * . 7 
- : a . ; } : i } a? 

” ®° . ® v e LY ® ° 6 : hans, eee ew 

- e e s ‘a @ ry > -— 


‘ a 


: ' «@ , ‘ yy ‘ a 
— aP rt a? bivds ‘aja 


SHiuciwW & ars ci antaqgerw. ed yd i 

fy ' . ' ra ws - iat 
. “au @ 

4 7 
cro, rt ay ey ah od 4 at ent’ 
: 329%) ~~ at ad oat SE a a 
ie 
Xa, i 


1 i * 
1A rt ; 
a8 Dae Als 9 ie 


a 
ve “et Apeh ees isa: vs 


A 
'. ; 


. 2 
al i‘epone enly _ ; OTAy. re 
eT 


tly 
is. 


| - : yy y A oe Fo ~ 7 
iy AT r 7 re bi! 7 a) Mave 7 Wek, broes a, . , ‘ 
prim . A (or _ iV - ie Ye ak i a . ay . 
win 630 ri ia lie ti fixes na in th ye 
: a if 


7 iy _ aaa ; 
Ho, ne 


* ae 


7 ad + Syma mae 
ble ; 


Als 7 : 
a 7a 


NUMBERS IN AN ARRAY 141 


You have used arrays of Squares and dots for different activities. 


Let's write numbers in an array. 


Now this gives a new way to write names for numbers: 
1). What number do you suppose is meant when we write: 


S} 


s ? 


Does your friend agree with your answer? How did you decide on 
the number? 
2). What number is meant when we write 74 ? 


3). «Ary to find simpler names, foreach of these,numbers? 


a. 8—> Ae boo eee Sesh tee 
die a7. ée, O4t  )  E It 

g. 3hhrad he ett) Leesa ee 

j. Wwe te k. 27--< 74-4 L. 27> $—> 


*4), Write some names for numbers in the new way. Let your friend try to write 


simpler names for these numbers, 


*5). What simpler names would you write for the following numbers? Discuss 


your answers with your friend. 
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For the operation of addition (+), the sum of 0 and any number is the 


number itself. That is why it is so easy to solve: 


Mes 


8). 


4+ 0 = Orer B6u= 4 
Zero is called the Identity for addition. 


Make a true statement for the following: 


Ko Aces dy 66 x = 36 1232) x 


What number is the Identity for multiplication? 


1,232 +0 = 


a112230 


Which of these sentences are identities? Take a guess and then use 


any numbers to check your guess. 
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Try to make up some identity sentences of your own. 
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NUMBER PATRS AND DIRECTIONS 


. A 
The signs { and ~—»- could also be written in front of a number to 
locate points on a grid. Let's agree to start at zero. Point A in eaibas. al 


could be found by looking at the number pair (—*3, A 2). How is this done? 


eer COr tic: heapoint  (—F2., h a) Oneraeurem. 
Caliethis, point 2. 


2). Remember to start at zero, and graph or 


plot the point (45.4 A) eee ll theepointac. 


3). Graph point D at (-»0, 4 5) 


4). Is it possible to graph a point called 


eH BS © eo - Sd 


(<3, 4 1) on Figure 1? 


OUR ge 6 foe dee neo 
Figure er 


Why or why not? . 


Could you graph this point on Figure 2? 


Using the same notation, how would 
Ds 


you direct some-one to the following 


poiness Ar. ( ; ) 
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Figure 2 


6). Some-one made up the following number pairs: 
C5 3) b. (ee 2, 492) cs Gl) es Ce 


Is it possible to graph these podntevoner i eure: 27) oy 
Is it possible to graph these points? How could this be done? 


*7). Make up number pairs using this notation and see if your friend can find 
them. Check his answers. 
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MAKING AND USING MAPS 
Map-making and map-reading both require that we make use of mathematics. 
Numbers, ee pairs, and operations are used in many different ways. A few 


examples follow. 


1). LOCATIONS. Some maps use letters only, others use letters and numbers 
to. make it easy to locate places. 


Write down the location, using letters and numbers, of the following places: 
a. Mackay ach, Ly Sb. eBritton c.. Langly 
deaerrince Aiberta e. Saskatoon f., Regina 
g. Theta h. -Patience i. National Park 
j. Railroad Bridge ° 

*2) Write down the name of a town, city, river,lake or mountain. Now 
locate it in your atlas. Look in the index. There the page number and a 


letter-number pair or a capital letter-small letter pair will be given. Compete 
with a friend to see who can find it first. Make a game out of it. 
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If you have tried to draw a hill or mountain, you know that it is 
rather difficult. Map-makers have invented a clever way of showing 
mountains on a map. With Surveying instruments they measure the height 
or elevation of many points around the hill and then plot them, like this: 
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Probably this looks confusing. To make a clearer picture, take a 
pencil and join with lines all the points that have the same elevation. 
These lines are called Contour Lines. Your finished drawing should look 


something like this: 


By looking at the countour lines can you tell how high the hill is? 


Is it exactly 60 feet high? Why or why not? 
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*What does this hill look like? Let's find out. Suppose you wanted 
to walk from point A to point B. What would your hike be like? 


| wer 

| 

) l 

) | 
80 ope 80! 
60 60! 
40 aa 40! 
204 203 

A 


The lower part of the drawing shows a way of finding out what your 
climb might be like in going from A to B. Can you figure out how it was 
done? Explain it to one of your friends. 


1). Look at this drawing, The distance between the contour 
lines is 100 feet. 


gartet* Railroad Eg Building 


There is a hill or mountain 
Wething a cieht of Union 
Station. 


How many peaks does the mountain 
have? 


What is the approximate elevation 
for the highest part of the 
mountain? Lie, 


% 


What is the approximate elevation ,.— 
of the island? 


a 


What is the difference (in feet) betwéen-% 
the highest peak and the highest SS 
point on the island? == 
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Use the example from page 30and make a drawing of the path from 
pomme x to point “Y. 


3000' 


2500 


2000 


3). Draw an imaginary mountain or mountain range with contour lines. Provide 
the distances between the contour lines. Draw in a route for a climb or 
hike. Find out what the path of your hike might look like. 
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Maps are drawn to scale. Everything is drawn as it is in the real world, 
but made smaller. Somewhere on each map is a scale to indicate how much 
smaller the map is. The scale is usally shown in one of three different ways: 


a.) By a statement: One inch equals 30 miles. 
0 uf 2 JF Mides 


b.) By a bar graph: oo ta — 
By I TL EL SE Ee a SRT 


3) a fraction, called Representative Fraction or BRuF.: 1250, ,000 which 
means that 1 inch on the map equals 50,000 inches on the earth. 


_——— 


Below is a small map of Banff, Alberta. The scale is shown with a bar 
graph. 


1). Use this scale and a piece of string or a strip of papérito 
find the approximate distance from: 


a. Banff to the Lodge 


b. Banff to the Hot Springs , 
e. Hot Springs to the Buffalo Paddock ue 

Buffalo 
ad. Banff Springs Hotel to the»Cave Se org Paddock 
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ae 

Hot Spnnrge 
2). If the distance between contour lines is 100', what is the approximate 
height of Tunnel Mountain? 


3). Use the R.F. 1:50,000 and a ruler to find these distances in inches: 
a. Cave to the Hot Springs 


b. Banff to. the Trailer Park 


c. Camp Grounds to the Hot Springs 
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This is a map of a playground: ne 
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| Si wen GS #) 


Scale: 1" equals 20 feet 


1). If a friend wanted to meet you at (E,2) what might he be doing? 


2). Your friend and you walked to (B,1). Why? 


3). After an hour of hard play, you get thirsty. Where would you go to buy 
a drink? ( ; ) 


— 


4). What direction would you take to get from the sandbox to the swings? 


5). How large is the wading pool? Length: feet. Width: feet 
6). How long are the slides? feet. 

7). How far is it from one basket to the other? feet. 

8). Approximately how far is it from the south gate to the west gate? 


9). The distance between contour lines is 5 feet. How high is the hill in 
the southeast corner? feet. 


10). A truck delived new sand. How high is the pile in the sand box? feet 


11). Make up questions of your own and see if one of your friends can answer 
them. 
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Here is a map of Regina, Saskatchewan. Use the map and the 


information of the scale to answer the following: 


*1). a. Use a ruler and measure the length of the map: winches, 
b. Change your answer to miles: Te 
c. Change your answer to feet: 
*2). a. Measure the width of the map: inches 
b. Change your answer to miles: 
c. Change your answer to feet: 
*3). Find the distance in miles from: 


a. Taylor Field to the Parliament Buildings: 
b. *Bus Depot to Union Station: 


*4). Make up questions of your own and have a friend try to find the 


answers. 
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CURVES, NETWORKS AND REGIONS 


CURVES: A Closed Curve divides any flat surface on which it is drawn 
into a number of Regions. For example, in Figure 1, the circle divides the 


region of this page (plane) into two. regions, an Interior and an Exterior 


region. 


A 


Inside or 
Interior 
Region 


oe 
Outside or 
Exterior Region 


Figure 1 


How many regions are there in Figure 2? 


Figure 2 


Shade in part of the exterior retion. 

In figures 1 and 2 it is easy to tell whether any one particular point (A, 
B, C, D, or E) is located in an interior region or exterior region. Some- 
times this is not so easy. Look at Figure 3. Are the points 1, 2, 3, 4, 
» and 6 in the interior or exterior region? 
Before you check it, do the following: Draw 


a straight line from the point you are 


considering to a point you know is intheexterior 
Fe 

; : F Figure 3 
region (for example 2 to F) and count the number of times this segm@nt inter- 


sects the curve. Record your answer in the table below. 


No. of Intersections Check: Interior or Exterior 


Interior 


Look at the intersections you have counted. What kind of numbers match with 
points in the exterior region? What kind of numbers match with points in the 
interior region? Now can you state a rule for finding out whether a point is 


in the exterior or interior region? 


*On a piece of paper draw a closed curve of your own and see if your rule 
works for your curve. 
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In a network you can see several points or junctions, lines or segments 
joining these points, and the various regions into which the plane represented 


by this page is divided by the segments. 


TiPured & Figure 
1). For the network shown in Figure 1, count the: 
Segments: 
Junctions: 


Regions: (Did you remember to count the exterior region ?) 


2). For the network shown in Figure 2, count the: 
Segments: 
Junctions: 
Regions: 


nd 


3). Draw a network of your own, (Figure 3) Count the: 
Segments: 
Junctions: 
Regions: 


Figure 3 Figure 4 
Figures 1, 2, and 4 on this page show Connected Networks. They consist 
of one part and on each network you can get from one junction to any other 


by going along the lines or segments of the network. 


4). Is the network you drew (Figure 3) a Connected Network? 


Note: You may be puzzled when a junction occurs in the middle of a line as 
in Figure 5 (a). Should we call this one line or two? 


Figure 5: / Noe fA 


(a) (b) (c) (d) 


We decide that (a), (b), and (c) are all alike; in each of them we have 
3 junctions and 2 segments. In (d) a line ends where it began. This we 
call 1 junction and 1 segment. 


5). Try to draw a Disconnected Network. 
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CONNECTED NETWORKS: 


1). Look at the networks shown in Piguressl to 4. Count ine number of junetions, 
regions and segments. Record your results in the table, 


S < OD CD) 


Figure 1 Figure 2 Figure 3 Figure 4 


Junctions Regions Segments 


2). For networks with two junctions, what can you say about the number 
of regions and segments? 


3). What number would you have to add to the 'number of segments’ in 
order to make the following statement true? 


(Number of Junctions) + (Number of Regions) = (Number of Segments) + 


4). Count the number of junctions, regions, and segments for the networks 
shown in) Eleure 5 to 8. Record your resubes an the: tabie-. 


A, & iL 


Figure 5 Figure 6 Figure 7 Figure 8 


Junctions | Segments 


5). Is your statement about the number of regions and segments for 
question 2 true for networks with three junctions? 


6). Does your answer for question 3 hold for networks with three 
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7). Count the number of junctions, regions and segments shown in the 


networks in Figure 1 to 4. Record your results in the table, 


Fipune 3 
Number of | 
Junctions Regions Seements 


8). What can you say about your answer to questions 2 and 3 on the 
previous page when you are working with networks that have more than 


two junctions? 


9). Draw some connected networks of your own. Check to see what you 


can say about your answers to questions 2 and 3 for your own networks. 
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Exploring the MULTIPLICATION CHART RESIS) 


2:4) Soca ee a ee 


You are probably familiar with this chart. It is not very difficult to 
use and it summarizes the basic multiplication facts. 


(sy ental 


iH 
HT 


Find the answers for: 2 x 8 


(Sener! 


HT 


babe 16! 


HT 


It looks as if the chart just contains the facts up to 9 Sid wb VOU 
Look carefully you might also find the multiplication tables for 12," 13, 
Oe aass 25 seag 405, 040s U2 oq ONG sianmemore.s 


Let's look at multiplying by 12. Instead of separating the 1 and 2 in 
the top row, think of them as being together: the 2 is written in the ones 
place and all the ones can be found under the 2. The tens are written under 


the one. ah 
Here is one example: tens | ones 
2a ty Ore 2escvl2Z= ae or 24 ) 0 
Find the answer for: ul i) 
Suxile.“pre @ a ki 
Sometimes it will be necessary to regroup before giving 3 6 
the answer. , : 
For example: : - 


6 x 12: = 6 tens +12. ones = 7etens + 2%0nes or 72 
6 12 
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MULTIPLICATION CHART 
1). From the chart find the answers for the following. (Check 


your answers if you are not sure): 
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eels oe 2°x (34 =the Dexab 7 =. ys 
2° eae ane ote ee ea oe ey baw ekes a as 
2A SS Che ayo! doe) 08K A0./ ee 
co re 3.x 4S =eep hic onde ent 
Dee 20S Veet 6.x 48 =74, 5. ON oa 
i sea 9x 48 = 9x19 = 


2). Try these questions with larger numbers: 
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*3). Maybe you can discover a way to use the same chart for division. 


ey atO.tind the answers for: 


li 


46 + 23 


60 + 12 


I 


ES ney ae, 
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170 + 34 


90 = 12 


4). 11 is not included on the multiplication chart. It's easy to 


write down the table numbers. Complete the following series: 


—_—~—_ 
———— ae 


Some numbers are easily multiplied by 11. Look at these examples: 


45 32 Multiply the long.way and try to 
fe 22 fs 2 | find out why this works. 
Pe +352 


‘ 
Vi 63 72 54 27 
Data seo) Be ea Shane 7 Sele setae > et es 


»- 
=. = 
se 
re = 


a ar a 
= ‘rT i 
ty i? 
ties ou bil 
- a 
Views “a 9d itais on) ‘dodineived eohy. ag . 


F243 Tor eit WoL lat mik stot 


aay: 

e 7 nd of Ai 

ul <i 
ath & 

: Lt : 

wha 

a te ‘) a 

ney ont, 4 

P _ pas 

’ Pi nS 


5) / Tite : oie 
oo i oie a 


Lod 


Number Puzzles 


For the puzzle; 
i. “Multiply across (5 x. 6 °= 30 


4x2= 8 
2. Multiply the products 
30 x -& = 240 


3. Multiply down 5 x 4 = 20 


6x 2a. 12 


4, Multiply the products 20 x 12 = 240 


1). See if these puzzles work: 


*2). Complete the puzzles: 


8 


42 


232 | 
*3). Make your own puzzles: 


Pe EEL Eo} 


*4), Can you think of some numbers that cannot be used for these puzzles? 


TLy, co think of some. EEL ile 


Why can't they be used? Do you know a name for these numbers? 
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SUGAR LUMP PROBABILITY 


Mark one face of a sugar lump with a flow pen or with 
some paint. 
1). What fraction of the time do you think the lump would land with the 
colored@facé“up ifsyou rolled it like a die? 


2). Roll the lump 24 times and keep track of the Total | Colored Face Up 


number of times the lump lands with the colored 
face up. 

What fraction of the time did it land with 
the colored face up? 

Do you need to change your guess? 


3). Try it again. This time roll the lump 36 times. total | Colored face Up. 


What fraction of the time did it land with the 


colored face up? 


4). Add up the total number of rolls and the total number of times the 


colored face came up for your group and then for the whole class. 


Group Class 
_Total| Colored Face Up Total {Colored Face Up 


5). How many faces does the lump have? 
6). Can you see a relationship between the number of faces and the fraction of 
times the colored face comes up? What is the relationship? 


7). Now mark -or- paint 2-—faces of-a-lumpsWhat fraction of the time do you 


think this lump would land with the colored face up? 
Total | Colored Face Up 


Roll the lump 36 times and record your 
results. Record the results from your group 
and from the class. 


Group Class 
Total | Colored Face Up: Total Cofored (Race ed Face Up 


How do these results compare with the first ones you got? 
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ROLLING DICE 159 


1). If 2 dice are rolled what are the possible sums of the faces that 
can come up? 


2). Do you think each sum is equally likely to happen? 


3). Roll the dice many times, say 72 times, and record the sum of the 2 
Faces each time. 


4). Which sum occurred most often? 


5). Put your results on the graph by putting a dot to show how many times 
each sum occurred and then join the dots. 


Zo 
418 
16 

44 
42, 


410 


Number of times each 
Sum Occurred 


ho a fe ener fe er ef + emer nena nena rs eee aftercare ecranaccesanere ne rne nein mre nce ef ee 
Q 4 4 S 6 7 & q 40 an 42 
Sum 
What fraction of the time did you get 7 as a sum? 
oO” 1 a 


Compare your results with your friends. Make a graph for the results from the 


whole class. 
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4. The number that would appear after driving 
twelve-thousand, six-hundred, eight and 


seven tenths miles Rie ees 


Why do you think they are called decimal fractions? 


A 


I. 


Decimal Explorations: 


a 6 (e) (a) 


(1) Imagine that the line shown above is a road. The distance 


between two adjacent points is exactly one tenth (.1 or = of 
10 


a mile, The car travelling along this road is fairly new and 
its odometer shows | @) | 0 | 2 | 8 | 3 x4 Or 20002 mLles* 
Ga. 


Write a decimal fraction for the odometer reading after the car 
has passed points: 

(a) (b) coo; 

(d) (e) ace 


What would the odometer reading be when it arrives at point B? 


Make up similar problems for a very old car and a new car. 
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(2). Divide this square into ten equal pieces so that each piece 
1 Tgemman aaa a Canmame pera ere ara aaah 
is .1 of — of the whole squane, 
10 
(a). Shade three of the pieces blue. 
What part of the whole square is 
blue? Write the answer.as.a. 
decimal fraction. ES 
(b). Shade five of the pieces red. 
Write a decimal fraction fox 
the red part. 'v eaten 
Ce)... Write a decimal fraction fon the 
red and blue parts together. 


St REED DEES EENN ESET HSNO [NOSED BODEN Wu oO ore 
Imagine the figures below are taken from, or cut out of. the square above. 
Estimate how many tenths each figure is of the whole square. Write your 


estimate as a decimal fraction. 


To get the measurements trace the figures or cut them out and fit them 


onto the square. (You may cut and reshape the figures if necessary.) 
(3) (4) (5) (6) 

Estimated = me as 

Measured 


(6) 


7) i = a a2 Pe eye A ie ~~  - = a — i? = ’ a_i. _—— 
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Ne 


Look at the number line. The marks between 1 and 2 divide this 


part of the number line into tenths. 


(a) (b) ) @) ) (f) 
; : « ' (ce) (Ff (3) h) 


feet ttt. pee ey 
oe 3 3 


You can write the fraction numerals 10 or .3 for mark Gadee 


two fraction numerals for marks (b) and (c): 


(b) or Cc) or 


You can write the numerals 11 or iL or 1.1 for markatae 
10 10 
Write three numerals for marks (e), (f), (g), and (h): 


(e) bd > (g) > > 


Look at the pairs of decimal fractions below. Decide which one of 


Ene two as lJaréer dud cirele dt. 


a. aor =3%..0 e, a2 et 8 
ey Ue gereires. a) OR ee 
Cre a Zu a) 2 g ao. a8 
d -4 - 4.0 Hise pie Onno ca 


Write decimal fractions for: 


lOve 2omaie. cynic atpnicas 
es Oe ‘ 
5 he alas 10 
0 
bo ta/i0s ae gine Rants 
10 
e, 269) 10the= = £ usetio= 
10 


Write 


Change the decimal fractions to fractions with denominator 10. 
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John rides to school on his bicycle, He travels five-tenths of a mile 
to pick up his friend. Then they travel one and seven tenths miles to 


get to school. How far is it from John's house to the school? 


OVS F137 N You must find the numeral to replace N. 
1 lore ui 
(a) 0.5 Add the tenths' column. (b) 0.5 Write the decimal point 
Pale ueestin 16 latenthc. or a to separate the ones 
2 Think*of412 tenths as 2.2 from the tenths. Add 

1 and 2 tenths. Write, the ones. The sum is 

2 tenths in the tenths’ 202 -@raz and 2 tenths 
place. Write 1 in the miles. 

ones' column to show 1 

mile. 


Write an equation for the following problems and solve the equation. 
Use decimal fractions. 


1. Suppose an odometer of a car shows the following numerals: 


nSale 2 (hot pot) one? 


What would the reading on the odometer be azter the car travelled 
to another city twenty and nine-tenths miles away? 


EquatwonsT ss | | | | | g y 


2. While Bob's dad was on a trip he bought five and four-tenths gallons 
of gas at one gas station and six and nine-tenths gallons at another 
station. How many gallons of gas did he buy? 


3. One summer morning the temperature was seventy eight and seven-tenths 


degrees Fahrenheit. During the day it rose by thirteen and five- 


tenths degrees. What was the highest temperature of that day? 


4. Find the answers to the following question. Use the number-line below 


to check your answers. 


Me INTs 263 
ads. 1.8) + O19 
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5. Make up some problems of your own. Give them to a friend and let him 
try to solve them. 


4 | 2. 3 y} 5 


i sieht a ae > Sevens ai. 
7 ; pig iy i: a] i c i 
i as alane 22 =e Gan a tivo: vant 


q Licey © Tie a] ' cat <th ; 
cr ** : vedhad — 


Siena wi Met eny Pati 


Shoe y 
; bi a - 
pay ey | ‘od | \etieeg gilt PY gn OU 
fn 1. ee iat: hy ae ve ‘aes x) 
Pb a panties . ca ary ye 7 
68 tant wil . S7eret. ; Oe 7,0 
\ @efaed * . " | of Avdies x pad 
. | wig ,oaal¢ 7 “a 


. : . i (egi@o i, aiit ° “= 
7 


deviog J iiss 


= 


‘ , - q; ‘ -aitis | ) 

i | re 3 
‘ ‘ 

< —s tT. fy ot sensi \ 

| ; oi 

at votinnd 7 + Lt 08 ‘onl 

a sg 

bie 


‘es. Fer ins “ 


in dd . vi wn 
ine 


- eke 


ort. gait) -™ 4 yore 
Toni | Aye tT } ei, 1 oro pay tet i 


ore 3 es ay oir at te al oh i a : 


> Dro by : aed going 


if oa 


165 
Mary went shopping with her mother. She looked at a colored television 
set whose price tag read $999.99. Mary was told by her mother that each 
9 in the price represented a number ten times as great as the 9 to the 


right of it. Is that right? How do you know? 


o: ODEO 928) 
What part of a agneet —— > What part of a dollar 
does this 9 represent? does this 9 represent? 


Why is the decimal point used on the price tag? 


1. Write decimal fractions for: 


ay part of a dollar does the 3 represent? 


a. 23 cents: What part of a dediar dcesptnem= represent (ia, 


b. ..5) cents: 


c. Two dollars and twenty five cents: 


d. Three dollars and three cents: 


—_———_ —_ +. ~ 


e. One dollar and sixty three cents: 


2. The numeral 2.12 can be read as "Two point twelve", "Two decimal 


twelve", or "Two and twelve-hundredths." 


Which of the three ways gives the most information 
about the numeral? 


Read the following decimal fractions: 


ae, 201 e) 4.06 Ohms 
byiso.25 £) e250 a ee 
c) 0.46 gp 21205 ek). .03 
dj 4.60 h) 12.00 1)100.10 


3. Look at the square. How many equal pieces 
are there? 
a. Write a decimal fraction for one of 
the pieces. 


b. . Shadew in: 23) of, the, pieces. ) Write sa 
decimal fraction for the shaded 


part: 


c. Write a decimal fraction for the part 
that is not shaded in: 


d. Write a decimal fraction for all of 
the pieces: 
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Look at the pairs of decimal fractions below. Decide which 


of the two is larger and circle it. 


PEA ee ae sls d.15 5,04, — 5.10 ge. 6.9 - .69 
Dig sCe ale 1-00. 99 hy 8.08 4 280 
Is fe 6 ce OE LON ey hE 


Write a decimal fraction for the following. Indicate the number 


of tenths and hundredths. 


Dates oS ges 

100 | t+ 400 ~ ———— 
D. oe = ae e,. 2) = 

10 10 
ce a = Eas Z = 

100 2 


Change the decimal fractions to fractions with denominators 100. 


a. (248 = d. Diether 


40" ¥ 50 ace 


doo «4 {oo 
Around the circle you will see the same numeral written in different 


ways With a ruler draw lines to join points with the same number. 
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IV. Bob read that Edmonton had 2.34 inches of snowfall in December and 3.78 
inches of snowfall in January. Edmonton had a total of how many inches 


of snow in these two months? 


oo 


Zoe | tee Oe Be way You must find the numeral to replace N. 
4. y—— First add the hundredths! lL i. » Add: (the. tenths! “celumn. 
(a) Deon column. The sum is 12 (b) 2.34 The suntof 11 tenths. 
DO 'O hundredths. Think of 12 +370) Think of ld tenthsords 
2 hundredths as 1 tenth and 1 one and 1 tenth. 
2 hundredths. Write the -12 Write the 1 tenth in 
2 hundredths in the hun- the tenths' place. 
dredths' place. Remember Remember the 1] one. 
the 1 tenth. 
bad 
(cs Maver 
+ 3.78 
al Bs Write the decimal point to separate the 
Soe ee numbers and the fractional numbers. 


Add the ones' column. Record and read 
the sum. 
Write an equation for the following problems and solve the equations. 
Use decimal fractions. 
1. Barry earned $48.35 during the summer holidays. His friend 
Glen earned $84.75. How much did the two boys earn together? 
2. George weighs 67.86 pounds and Bill weighs 25.32 ayers How 
much do the two boys weigh? 
3. The rainfall recorded for Edmonton during the months of June, July, 
and August was 1.76 in., 2.32 in., and 1.09 in. respectively. How 
many inches of rain fell in Edmonton during these three months? 


4, Make up some questions of your own and let a friend try to solve 


them. 


A oe Md Wea RE RY es eS ilps an ath cts a aed Wh 38 A: _ : 
f ] 
fay ; Ud ae 


eth ( a) thal $A, ry “ Vay! at Ti. Wie 74 veh veh A Meier n en lac ¥ 
| i ” | f - 7 


L} er 


we, 2 


i. on 7 7 pi ean iy OWS 7 me 7 7 
‘ , a er “au 
hey 4 ‘ rh | j : f ‘ cf + 7 oe 


nee iL 4 i ies in j J 
; — 
ve okies s 
4' Wish 4 f . f lf i Mi ay 
© "Oe i : I » 
i A P ’ >», -& % 
ne . 
-_ ! * 7 , 
ia nd 
pd, ce (a) 
ue we / i 4 i 
a wee) ts 7. J 
Lc y J 


rte ep ida 


= 


Aa frag 2 h it guittly Cae laiohe eat” 


i (s P48 ™ nn a 


Y Lieot Wo of bays] i} a. Foo 


LG 
7 >” 


rout : q 
lt aghiv ee | vith ui hen . th 36.0 jak eee 


= a ~~ 7 d 


ras a penal nents qth: aot cami gi. if 


Na 


FR) ? i i ny y , J KD a 
wed » Dinky a s airy fe, bead pide nome Apu 83 3 


' 


Per enen al see 


PRE-TEST 


errs “Oe er ee 


ini cal 


a hae 


fy 


169 
PRE-TEST 


Schools: 


ee 


Name: 


Directions’: 
Read each question carefully and decide which of the four answers is 
the correct answer. Write the letter for this answer on the line beside 


the question. 


Sample Items: 
ily. Which of the following numbers has the largest value? 
amo.) b). 9 ele Pp. re ey iel 1a 


II. Which sign means add? 


a) - 
b) + 
CO) ex 


Pie 


ele 


a) 


ee Grewia Woot 


met sH1! aia os 


— a 


it 
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Which numeral has a 7 in the hundred place: 


eve oOt ab) 25375) 2ooy @ dpe 754 ie 


For 2./¢t01 73554 N. JtheWaluetfiotontis: 


ad Seo Seyi) #3805 ©) 200527 G) ov 262 a 


In the numeral 47,721 the value of the 7 in the thousand place is: 
a) 10 times the value of the 7 in the hundred place 

b) 100 times the value of the 7 in the hundred place 

c) 1 of the value of the 7 in the hundred place. 


10 
d) the same as the value of the 7 in the hundred place 3. 


—- 


Another way to express 0.62 is: 
Pw OG 0.2 

be OF6e4 0.502 

e)n-0.6) 4+ 0.002 


d)eeOe Cet 20). 40 5 1 4. 


How would you write the decimal ninety and nine-hundredths? 


a) Fe9G09 ib) +"902900 cc) 90 209g red)mt90..009 ie 


—— 


Another way to express 4 x (60 + 7) is: 
aye Geta (60> x7) 
beg Get 7)-,60 


Cy 4+ 60) x (4-87) 


d) (4 x 60) + (4 x 7) 6. 
347 The 80 is the product of: 
pee 

14 FO ee sar ea) 

80 
600 b) 4D 
694 

c) 625510 
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8). Which would give the correct answer to 563 x 39? 


a) Multiply 563 x 3; 563 x 9; then add the answers. 
b) Multiply 563 x 3; 563.x 39; then add the answers. 
¢) Multiply 39 )x.33 39.x 60; 39 x 500; then add the answers. 


aj) Miabktiply u39ex.35..39 x 63+ 39 x 563; then add the answers, 


Sy 

9). i 2 If (1,1) is the number pair name for the 

© 6 e 8 

Gilet ene point A, then (4,4) should be the name for 

we 0 6 

sehelie point: 

Y il 

ay $ bys 75 c) U Caen. Re 

LO}: If the number pair (2,1) is assigned to the 


square labelled B, what number pair should be 
x[Bl | 
k assigned to the square labelled X? 


eer) eb) (3,1) ey C2) ed) aC) 10. 


11). What is the area of the region STUV? 


y a) 16° square units 
units b) 12 square units 
@) 8 square units 
Vv A units 5 
d) 6 square units JAM 


12). The area of the region ABCDEF is: 


a) MI2%squarecunits 
b) 16 square units 
c) 18 square units 


d) 24 square units ee 
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15), ihe peint X is: 


a) 
b) 
c) 


d) 


aa 
aan 


inside a closed curve 


inside a rectangle 


outside a rectangle 


outside a closed curve 


14). Which set has only even members: 


a) 
b) 
c) 


d) 


iS) eee ae 


(2, 
(8, 


(3, 


GS, 


be) 110) 
Jeo 5) 
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If the unit of measure is A, how many 


units could fit around figure Bb? 


ILO) a 


The height of the hill shown is: 


Ue DE 


The network shown divides the plene 


a) 
h) 
C) 


d) 


a) 
b) 
c) 


d) 


7 units 
8 units 


10 units 


more than 12 units 


about 250' 
300! 
about 350' 


400! 


14. 
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represented by this page into several 


regions. 


a) 


How many regions are there? 
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R.F. = 1:50,000 


18). The scale on a map is 1:50,000. That means that: 
a) 1 mile on the map is 50,000 miles on the earth. 
b) 1 foot on the map is 50,000 feet on the earth. 
c) 1 inch on the map is 50,000 inches on the earth, 


dL inch’ onthe map is 50,000) feet on the earch. 1S. 


10°)" Se] How many segments are there in the 


network shown? 


oe 


20): One inch equals ~ mile This scale is from a map. On this 


map two towns are 2 inches apart 


a6: 34,400 


which is equal to: 


a) .5 miles by elemile c) 2 miles d) 31,400 miles 
ZO 
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